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Section  8 
•  PATHOLOGY 

p 

Prepared  by  Averill  A,  Liebow,  Lt.  Col.,  MC 
The  observations  are  presented: 

1.  In  a  summary  based  upon  the  presumed  pathogenesis  of  the  lesions. 

2.  In  a  systematic  organ  by  organ  description,  with  a  statistical 
account  of  the  material  available  and  of  the  changes  observed  in  detail. 

3.  In  a  series  of  illustrations  to  which  reference  is  made  both  in  the 
summary  and  in  the  more  detailed  descriptions . 

The  actual  specimens  and  records  which  are  described  in 'the  text  or  in  the 
captions  of  the  illustrations  are  accessible  for  review  at  the  Army  Institute 
of  Pathology. 

1.  SUMMARY; 

This  section  is  devoted  to  a  summary  in  broad  outline  of  the  changes 
observed  in  the  tissues.  The  known  injurious  factors  and  the  types  of  injury 
have  been  summarized  in  table  1  of  the  clinical  section  (5H).  For  the  purposes 
of  the  present  discussion,  the  chief  effects  may  be  stated  as  trauma,  burns,  and 
radiation  effect. 

Blast  and  Trauma:  The  blast  injuries  can  be  briefly  dismissed.  No  section  nor 
even  a  gross  description  of  the  middle  ear  of  any.  patient  is  available.  Foci 
of  atelectasis  and  emphysema  are  observed  in  the  lungs  of  a  few  patients. 

(figure  1  and  2)  but  the  mechanism  of  their  formation  is  not  necessarily  blast. 
The  other  injuries  display  no  special  features  except- that  progressive- infection 
and  hemorrhage  often  result  among  those  who,  "as  a  result  of  the  radiation,  suffer 
from  leukopenia  and  thrombocytopenia. 

"Flash  burns:11  The  burns  are  of  interest  histologically  since  there  is  evidence 
that  depigmentation  of  the  skin-  can  occur  even  if  the  epithelium  is  not 
completely  destroyed.  At  the  margins  there  is  hyperpigmentation.  No  material 


-1-  (8) 


1 


is  available  to  demonstrate  the  histological  structure  of  the  depigmented  zone 
laterally  of  the  hyperpigmented  area.  In  the  deeper  derma  and  fat  underlying 
the  burned  tissue,  edema  fluid  and  myxomatous  material  appear  and  fibroblasts 
may  proliferate  and  macrophages  infiltrate  the  tissue.  As  in  the  case  of  the 
injuries,  infection  often-, occurs  and  there  may  be  hemorrhage  in  association 
with  aplastic  anemia  (figures  28  -  34). 

Effect  of  Ionizing  Radiation:  The  action  of  the  gamma  rays  and  neutrons 
is  manifested  in  changes  analogous  to  those  seen  in  animals  after  exposure  to 
X-rays.  They  are  found  in  the  skin,  gastro-intestinal  tract,  gonads,  lymphatic 
tissues  and  bone  marrow,  - 

a.  The  skin: 

Very  few  sections  are  available  indicating  a  direct  effect  on  the  squamous 
epithelium  of  the  surface.  Suggestive  evidence  of  such  an  effect  is 
demonstrated  in  figures  134  a,  b,  and  c.  Here  the  epithelium  of  the  surface 
contains  extremely  vacuolated  cells  with  collapsed  nuclei.  The  changes  become 
progressively  severe  as  the  margin  of  an  ulcer  is  approached.  The  pigment  in 
the  malpighian  stratum  is  scanty  and  irregularly  distributed  as  are  the  dermal 
melanophores.  Mitoses  are  not  found  in  the  basal  layer,  ^he  ulcer  itself  has 
a  hemorrhagic  base  embedding  bacterial  masses,'  -  The  collagen  here  also  has 
assumed  a ' basophilic  staining  quality.  No  polymorphonuclear  leukocytes  are 
present.  The  blood  vessels  where  the  derma  is  better- preserved  are  dilated  and 
some  have  collars  of  small  mononuclear  and  plasma  cells.  Beth  the  factors  of 
direct  radiation  effect,  and  the  aplastic  anemia  on  account  of  which  the  skin 
may  become  easily  infected  probably  collaborated  in  the  pathogenesis  of  such 
lesions.-  -  -  -  A,' -  . 

The  epilation  observed  clinically,  whose  - incidence  and  distribution  have 
been  described  in  Section  5,  is  accompanied  by  extremely  interesting 
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histological  changes  (figures  138  to  148,  and  175  to  177) . 

If  a  typical  hair  is  examined  microscopically  (figure  137)  it  is  found 

to  consist  of  an  internal  root  sheath  which  rises  from  the  matrix  substance  at 

the  base  of  the  follicle  by  differentiation  of  a  trichohyaline-bearing  membrane 

(Henie's  and  Huxley's  sheath)  from  which  a  keratinized  shaft  is  developed. 

\ 

In  the  irradiated  subjects  there  is  failure  of.  differentiation  of  the  internal 
root  sheath*.  At  the  same  time  mitosis  ceases  in  the  matrix  and  the  connective 
tissue  papilla  becomes  less  vascular.  There  is  then  left  a  plug  of  epithelium 
at  the  base  of  the  follicle  resembling  an  external  root  sheath.  The  pigment 
of  the  hair  now  becomes  irregularly  distributed  through  this  increasingly 
narrow  cord  of  epithelium.  At  the  same  time  the  basement  membranes,  both  the 
external  cellular  connective  tissue  and  the  internal  clear  hyaline  membrane, 
become  greatly  thickened.  The  glassy  membrane,  by  elastic  tissue  stains,  is 
found  to  be  composed  of  collagenous  rather  than  elastic  substance.  With  the 
failure  of  the  internal  root  sheath,  the  hair  shaft  now  takes  origin  directly  ■ 
from  the  external  root  sheath  by  a  process  analogous  to  parakeratosis.  The 
point  of  origin  of  the  shaft  comes  closer  and  closer  to  the  surface  as  the 
matrix  substance  atrophies  and  finally  there  remains  only  a  bulbous  plug  of 
keratin  at  the  mouth  of  the  follicle.  The  hair  in  the  meantime  has  become 
completely  extruded.  When  examined  under  the  microscope  such  a  hair  is  found 
to  have  a  long  tapering  attached  end*.  The  beginning  of  the  decrease  in  calibre 
corresponds  to  the  beginning':  of  the- atrophic  process.  Starting  with  the  middle 
of  October  at  a .  time.’ when  clinical  regeneration  of  the  hair  is  in  progress, 

•  there  is  evidence  of  regeneration .  .  This  is.  characterized  by  the  appearance 
of  a  new  zone  of  differentiation  of  .the  internal  root  sheath  With  its  typical 
layers.  The  growing  hair  gradually  pushes  its  tip  forward  to  the  surface 
through  the  substance  of  the  old  remnant  of  the  external  root  sheath.  Finally 
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the  plug  of  keratin  at  the  mouth  of  the  follicle  is  reached  and  penetrated  by- 
pointed  tip  of  the  hew  hair.  This  is  keratinized  directly  from  the 
trichohyaline  bearing  portion  of  the  new  internal  root  sheath. 

It  is  remarkable  that  the  process  just  described  is  a  recapitulation  in 
every  detail  of  the  usual  process  of  loss  and  replacement  of  the  hair  as 
described  by  Auburtin  and  others  (figure  178),  Usually  a  hair  lives  for  3  or 
4  years  and  is  then  cast  off.  The  process  of  atrophy  accompanies  this  hair 
loss  and  the  regeneration  of  the  hair  takes  place  exactly  as  outlined  in  this 
presentation,  with  regrowth  through  the  old  external  root  sheath.  Atrophy  of 
the  sebaceous  glands  goes  hand  in  hand  with  the  changes  in  the  hair  follicle 
and  cannot  bo  interpreted  as  a  direct  radiation  effect.  Sweat  glands  in  skin 
that  has  not  been  burned  show  relatively  little  change  although  occasionally 
the  acini  appear  shrunken  and  have  thickened  basement  membranes  and  tiny 
vacuolated  epithelial  cells  with  pyknotic  nuclei.  The  epithelium  of  the  surface 
of  the  scalp  is  in  a  much  thinner  layer  than  usual  with  very  short  blunt  rete 
pegs.  .Occasionally  there  is  hyperpigmentation  of  the  basal  layers.  There  is 
also  in  some  cases  an  increase  in  the  keratin  at  the  surface. 

b.  The  Gastrointestinal  Tract:  As  early  as  the  4th  day  remarkable 
histological  changes  are  observed  in  the  gastrointestinal  tract  of  some 
patients  who  had  been  close  to  the  center  of  the  bomb  (figures  15  -  17). 

These  consist  of  the  appearance  of  extremely  bizarre' cells,  some  with  enormous 
nuclei  with  a  coarse . chromatin  network  and  an  abundance  of  cytoplasm.  Other 
cells  display  atypical  mitoses,  and  tripolar  figures  are  occasionally  observed. 
In  one  Nagasaki  patient  who.  came  to  necropsy  11  days  after  the  bombing,  there 
is  also  a  large  zone  of  ulceration  underlain  by  edematous  tissue.  The  exposed 
lamina  propria  and  'submucosa  contain  large  bacterial  masses.  Polymorphonuclear 
cells  are  not  present.  Direct  injury  of  epithelium  and  leukopenia  probably 
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both  play  a  role  in  the  pathogenesis. 

In  the  pharynx  and  tongue  of  a  patient  dying  on  the  10th  day  there  are 
remarkable  changes  resembling  those  following  X-ray  irradiation  of  the  skin 
.  (figures  25  -  27).  These  consist  of  swelling  of  the  squamous  epithelial  cells 
involving  both  the  cytoplasm  and  the  nuclei.  Both  become  vacuolated  and  many 
of  the. nuclei  become  fragmented.  The  epithelial  cells  at  the  surface  desquamate 
and  others  within  the  deeper  layers  of  epithelium  become  separated  from  their 
neighbors  and  appear  as  brightly  acidophilic  homogeneous  masses.  At  the  same 
time  the  epithelial  cells  of  the  surface  undergo  parakeratotic  changes.  The 
remainder  of  the  wall  of  the  pharynx  displays  a  tremendous  edema  and 
lymphectasia,  The  lymphoid  tissue  itself,  however,  undergoes  a  remarkable 
atrophy  which  will  be  described.  Scattered  plasma  cells  and  large  mononuclear 
elements  represent  the  only  exudate  in  the  pharynx.  This  epithelium  ultimately 
becomes  completely  desquamated  and  bacterial  masses  are  found  within  the 
areolar  tissue,  which. itself  becomes  necrotic,  A  polymorphonuclear  barrier  is 
lacking  in  this  lesion. 

c.  Gonads, 

Even  at  the  4th  day  remarkable,  changes  are  found  in  the  testes  (figure 
21) ,  These  consist  of  a  sloughing  of  the  germinal  epithelium  from  the  base¬ 
ment  membrane  of  the  tubules.  At  the  same  time  there  is  an  increase  in  the 
Sertoli  cells.  Ultimately  in  patients  dying  toward  the  end  of  the  first  month 
there  is  complete  loss  of  the  germinal  epithelium  and  its  derivatives  which 
ultimately  become  discharged  from  the  lumen  or  undergo  necrosis  in  situ. 

(figures  100-109  and  166-167).  Similar  changes  have  been  observed  in  animals 
following  massive  radiation.  Occasionally,  however,  a  germ  cell  remains  near 
the  basement  membrane,  where  it  appears  as  a  large  element  with  a  hyper- 
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chromatic  coarsely  reticular  nucleus  and  basophilic  cytoplasm.  Remnants 
of  the  spermatids  also  exist  in  the  lumen  for  a  considerable  period  of 
time.  The  cytoplasm  of  these  may  unite  and  what  appear  to  be  giant  cells 
may  be  formed.  After  the  5th  week,  in  some  instances,  the  tubules  begin  to 
display  a  thickening  of  the  basement  membrane.  The  blood  vessels  of  the 
interstitial  tissue  often  display  deposits  of  a  brightly  acidophilic 
refractile  material  beneath  the  endothelium.  The  interstitial  tissue  in  a 
few  cases,  particularly  after  the  end  of  the  6th  week,  becomes  increased  in 
amount.  This  is  the  result  of  actual  hyperplasia  and  not  of  mere  compaction. 
Ultimately  some  tubules  become  completely  hyalinized.  It  is  remarkable  that 
similar  changes  may  occur  as  a  result  of  extreme  malnutrition,  such  as  has 
been  observed  among  prisoners  of  the  Germans  at  Dachau.  Consequently  in  our 
studies  we  have  concentrated  upon  well-nourished  patients. 

In  a  few  instances  castration  cells  are  found  in  the  pituitaries 
(figures  123  and  124). 

Much  less  striking  are  the  changes  in  the  ovaries  (figures  110  -  118). 
Only  in  a  few  instances  has  it  been  possible  to  demonstrate  primary  follicles 
in  process  of  atresia  and  a  decrease  in  the  number  of  ova.  The  most  cons¬ 
tant  finding  is  that  of  the  absence  of  developing  follicles  despite 
persistence  of  primary  follicles.  Thus,  with  a  very. few  exceptions, 
there  are  no  corpora  lutea.  The  endometrium  correspondingly  shows 
an  absence  of  corpus  luteum  effect  and  appears  in  the  resting  phase 
with  short  rectilinear  glands  and  a  compact  stroma  of  deeply  basophilic 
spindle-shaped  cells.  In  one  case  there  was  found  a  corpus  luteum  of 
pregnancy  in  process  of  involution.  This  occurred  in  a  woman  who  had  come 
to  abortion  at  the  fifth  month.  The  fetus  in  this  case  did  not  appear  to  bo 
abnormal.  The  patient  herself  died  of  a  necrotizing  gastro-enteritis.  The 
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resistance  of  the  corpus  luteum  of  pregnancy  to  Roentgen- irradiation  is  well 
known. 

Clinically,  heavily  exposed  male  patients  have  shown  oligospermia  or  even 
azoospermia,  and  there  has  been  in  the  woiqen  an  even  higher  incidence  of 
amenorrhea  than  was  prevalent  in  wartime  Japan, 

d.  Lymphoid  Tissue. 

The  lymphoid  tissue  is  known  to  be  remarkably  sensitive  to  ionizing 
radiations  and  £g  striki-cgly 'affected -'by  'these  patients .  (Figures ,3-11,  50- 
63,  and  153-154).  The  earliest  manifestation  of  their  action  appears  to  be 
a  fall  in  the  peripheral  lymphocyte  count.  This  was  observed  to  be  the  case 
in  the  few  patients  who  had  had  blood  counts  within  the  first  week.  At 
necropsy,  even  after  3  days,  there  is  a  remarkable  degree  of  atrophy  of  the 
lymphoid-  tissue.  Mature  lymphocytes  have  almost  completely  disappeared  from 
the  spleen  and  lymphoid  follicles,  so  that  nothing  but  the  reticular  skeleton 
remains.  The  cells  of  the  germinal  centers  have  by  this  time  also  suffered  necro¬ 
biosis.  Beginning  on  the  5th  day  large,  atypical  mononuclear  cells  begin  to 
appear,  both  in  the  spleen  and  lymph  nodes.  The  atypical  cells  in  some  instances 
resemble  lymphoblasts.  Others  are  larger  and  have  bizarre  folded  nuclei  and  an 
abundance  of  basophilic  cytoplasm.  Many  of  the  latter  suggest  the  Reed-Sternberg 
cells  in  their  appearance.  .  They  become  very  numerous  in  some  cases  and  may 
persist  for  at  least  3  months.  The  lymphoid  tissue  in  most  cases  fails  to 
regenerate  completely  by  the  end  of  that  time  but  in  a  few  cases  secondary 
lymphoid  follicles  have  reappeared. 

In  Jthe  spleen  the  process  of  regeneration  is  ushered  in  by  a  condensation 
of  reticulum  along  the  central  arteries.  The  lymphocytes  begin  to  appear 
between  the  central  vessel  and  the  condensed  reticulum,  apparently  taking 
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epigin  by  differentiation  df  the  latter,  Ultimately  large  cells  'resembling 
those  of  the  peripheral  reticulum  appear  near  the  center  of  the  follicle  and 
the  external  band  of  reticulum  becomes  inconspicuous, 
e.  Bone  Marrow, 

1.  During  the  First  6  Weeks. 

Remarkably  extensive  and  rapid  changes  also  occur  in  the  bone 
marrow  of  heavily  exposed  patients  .even  within  the  first  week  of  the  bombing 
(Figures  12-14,  64-34,  and  155-163).  There  may  be  a  total  disappearance  of 
the  typical  hematopoietic  tissue  usually  with  the  exception  of  small  islets 
of  erythropoietic  cells  which  appear  at  first  to  be  more  resistant  than  the 
myeloid  tissues.  Even  at  the  5th  day,  however,  there  is  already  evidence  of 
a  regenerative  process  manifested  by  proliferation  of  small  numbers  of 
reticulum  cells  which  lie  within  the  adipose  tissue.  The  reticulum  at  first 
appears  not  to  differentiate  into  myeloid  cells  but  to  form  chiefly,  plasma 
cells  and  lymphocytes.  Many  elements  intermediate  in  appearance  between 
plasma  cells  and  reticular  elements  are  present.  These  observations  were 
also  made  clinically  in  aspirations  of  the  sternal  marrow  performed  as  early 
as  8  days  after  the  bombing  and  a  severe  leukopenia  was  noted  in  some  patients. 
The  platelets  proved  more  resistant  and  effects  of  their  reduction  were  not 
apparent  for  at  least  2  weeks  after  the  bombing.  '  \  . 

Even  by  the  12th  day,  the  reticulum  cells . may .  have;  proliferated 
to  a  remarkable  extent  forming  thick  septa  among  the  fat  ceils.  Again 
there  may  be  faulty  differentiation  —  into  plasmacytoid  elements.  In  some 
instances,  however,  after  3  to  4  weeks,  there  is  differentiation  into 
myelocytes.  This  process  may  take  place  directly  without  intervention  of  the 
usual  basophilic  blasts,  merely  by  the  appearance  of  granules  in  the  cytoplasm 
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of  cells  that  resemble  reticulum  cells  but  which  have  acquired  a  somewhat 
cesser  nuclear  membrane  and  large  nucleoli.  The  cytoplasm  does  not  become 
intensely  basophilic  during  this  transformation. 

In  a  few  patients  dying  toward  the  end  of  the  first  month  the 
marrow  may  show  a  focal  myeloid  differentiation  with  large  nMabers-Sji 
myelocytes  or  in  some  instances  there  may  be  a  tremendous  hyperplasia  of  the 
marrow  with,  however,  evidence  of  maturation  defect  in  that  the  patient 
manifested  a  leukopenia  clinically.  Most  cases,  however,  display  a  hypoplastic 
marrow  such  as  the  one  that  has  been  first  described,  if  they  die  at  any  time 
before  the  end  of  the  6th  week, 

.  Whatever  the  lesion  in  the  bone  marrow,  patients  dying  before 
the  end  of  the  6th  week  clinically  experience  a  leukopenia.  In  all  but  one 
the  count  had  at  one  time  fallen  below  2,500  and  in  most  below  1,000.  Not 
only  the  leukocytes  but  the  megakaryocytic  tissue  and  the  erythropoietic 
tissue  are  involved,  with  a  corresponding  thrombocytopenia  and  anemia. 

2,  After  the  6th  week. 

After  the  sixth  week  more  and  more  of  the  marrow  in  the  fatal 
cases  tend  to  show  hyperplasia  of  myeloid  cells,  but  there  is  still 
persistence  of  relatively  and  absolutely  great  numbers  of  reticulum  cells, 
plasma  cells,  and  lymphocytes.  As  the  marrow  recovers,  polymorphonuclear 
cells  become  numerous  in  whatever  lesions  brought’  the  natientd  to  necropsy 
(usually  a  necrotizing  pneumonitis  or  enteritis)  and  hemorrhage  ceases  to 
be  an  important,  factors .  - 

f.  Indirect  Effects  of  1 the  Ionizing  Radiations, 

During  the  first  six  weeks,  whatever  the  histologic  appearance  of 
the  marrow  (and  this  tissue  is  usually  hypoplastic)  there  is  clinically  in 
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fatal  cases  a  striking  leucopenia,  and,  after  the  second  week,  a  thrombo¬ 
cytopenia  and  anemia.  Consequently  the  pathologic  changes  of  aplastic 
anemia  take  place.  All  surfaces  accessible  to  bacteria  are  invaded  and 
there  is  necrosis  and  hemorrhage,  which  borders  upon  normal  or  edematous 
tissue  without  a  leucocytic  barrier,  except  for  scattered  plasma  cells 
and  large  mononuclear  elements.  The  skin  may  be  involved  in  this  process 
with  the  formation  of  ulcers  (figures  134  and  135).  Essentially  similar 
lesions  may  involve  the  lips,  gingivae,  tongue,  tonsils,  pharynx,  larynx 
and  trachea  (figures  125-133,  and  174).  The  lungs  become  the  seat  of  a 
necrotizing  and  hemorrhagic  focal  pneumia,  without  polymorphonuclear 
leucotytic  response  (figures  38-49,  and  149-152).  In  the  intestines 
multiple  small  or  large  bulging  ulcerated  and  hemorrhagic  lesions  develop 
particularly  upon  the  ileo-cocal  valve  (figures  85-94) . 

Hemorrhages  were  very  common  in  the  skin,  gingivae  and  viscera  from 
the  third  to  the  sixth  week.  Usually  there  was  an  associated  thrombocytopenia, 
but  the  bacterial  infections  and  the  vitamin  C  deficiency  that  was  demonstrated 
in  some  patients  were  probably  contributing  factors. 

General  Observations. 

Capacity  for  Proliferation  of  Tissues  Exposed  to  Ionizing  Radiation, 
Despite  the  transitory  inhibition  of  mitoses  that  has  been  observed  to  occur 
experimentally  following  exposure  to  X-rays,  there  is  in  all  available 
material  some  evidence  of  proliferation  of  cells  even  though  it  is  at  times 
atypical.  This  is  true  of  fibroblastic,  reticular,-  and  epithelial' elements. 

In  some  instances  the  formation  of  granulation  tissue  is  delayed  in 
the  burned  skin  (figure  28)  but  burns  and  other  lesions  may  heal' well,  with  ' 
epithelialization,  even  when  the  bone  marrow  remains  extremely  hypoplastic. 
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A  rapid  proliferation  of  the- reticulum  cells  is  manifested  in  the 
spleen  and  lymphnodes  and  even  in  the  bone  marrow,  but  in  all  of  these 
tissues  they  may  differentiate  into  atypical  cells.  Epithelial  cells  of  the 
•intestine,  even  in  heavily  exposed  persons,  at  h  days  show  mitoses,  but 
these  are  often  bizarre. 

Erythrophagia  and  Hemosiderosis.  As  in  experimental  animals 
erythrophagia  may  be  observed  within  a  few  days  after  exposure  to  ionizing 
radiation.  It  is  not  known  whether  the  reticuloendothelial  cells  fail  to 
dispose  efficiently  of  the  phagocytized  red  cells  or  whether  phagocytosis 
is  increased.  Very  few  of  the  patients  show  an  elevation  of  the  icterus 
index.  Erythrophagia  is  constantly  manifest  to  a  moderate  extent  in  all 
reticuloendothelial  tissues  within  the  first  6  weeks.  Hemosiderosis  is 
especially  prominent  in  many  patients  after  the  i*th  week.  The  hemorrhage 
that  takes  place  just  before  and  during  this  period,  with  subsequent  break¬ 
down  of  the  extravasated  blood  doubtless  contributed  to  this. 

Classification  of  Cases:  On  both  clinical  and  anatomical  considerations, 
the  fatal  cases  can  be  readily  classified  into  three  groups,  depending  upon 
the  interval  between  the  bombing  and  death.  This  classification  is 
elaborated  in  the  main  descriptive  chapters  of  this  section,  but  may  be 
epitomized  as  follows:  ‘  :  .  •  '  .  • 

Group  I  (Patients,  dying ; during  the  first  and  second  weeks).  In  this 
group  there  was  histological  evidence  of  radiation' effects  upon-  the  skin, 
gastro-intestinal  tract*  bone  marrow  and  gonada  which  have  not-  become 
clinically  manifest.  ..  ;  ’  : 

Group  II  (Patients  dying  during  the  third,'  fourth,  fifth  and.  sixth 
weeks).  -In  this  group  the  radiation  effects,  particularly  the  results 
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of  damage  to  the  hone  marrow,  are  at  their  height.  The  pathology  is 
largely  that  of  aplastic  anemia  associated  with  epilation. 

t  ;  ;  -V  -.  ■  .  • 

Group  III  (Patients  dying  after  the  sixth  week):  In  this  group  the 
bone  marrow  has  usually  recovered.  The  hair  may  be  in  process  of  replace¬ 
ment,  but  testicular  atrophy  persists.  Polymorphonuclear  leukocytes  are 
present  in  the  lesions  (usually  necrotizing  pneumonia  or  enteritis)  that 
prove  fatal;  these  lesions  may  have  had  their  inception  during  the  leuko¬ 
penic  phase. 

The  mafa  andtomical  changes  are  summarized  in  table  1. 


r ' 
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'TAELS  1.  ATOMIC  EOaB 
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2.  SYSTEMATIC  DESCRIPTION  OF  THE  LESIONS 

Classification:  After  a  preliminary  histological  review,  the  cases  were 
classified  according  to  the  factors  that  seemed  important,  as  follows : 

A.  By  date  of  death. 

The  anatomical  changes  in  those  who  apparently  received  large 
doses  of  radidtion  depended  upon  whether  the  patient  died. 

1.  before  the  15th  day, 

2.  between  15  and  40  days, 

3.  41  or  more  days  after  the  bombing. 

B.  By  distance. 

It  was  expected  that  the  patients  had  or  had  not  received 
considerable  dosss  of  radiation  depending  upon  their  position: 

1,  .within  1500  meters, 

2.  beyond  1500. meters  from  the  center. 

C .  By  whether  burns  had  been  sustained. 

It  is  known  that  large  areas  of  burned  skin  in  themselves 
may  bo  associated  with  lesions  in  remote  organs.  According 
to  the  criteria  employed  in  the  clinical ' analysis  there  were 
patients:  -  ; 

1.  without  severe  burns, 

2.  with  severe  burns. 

Three  digits  are  used  to  Classify  each  case  "according  to  the  numbers  . 
applied  to  the  subdivisions "of  the; three  main  categories.  The  first  digit 
refers  to  the  date  of" death,  the  second  to  distance,  and  the  third  to 


1 
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whether  or  not  the  patient  suffered  burns.  Thus,  "212"  indicates  a 
,  patient  who  dies  between  15  and  I4O  days  after  the  bombing,  who  was  with¬ 
in  1^00  meters  of  the  center,  and  who  has  severe  burns.  Considering 
variations  in  shielding  as  well  as  in  susceptibility,  it  was  not  expected 
that  the  classification  would  be  sharp. 

Almost  all  patients  in  the  pathologic  study  showed  some  changes  inter¬ 
pretable  as  radiation  effect,  especially  in  the  lymphoid  and  hematopoietic 
tissues  despite  the  fact  that  some  were  stated  to  be  as  far  as  2000  meters 
away;  none  were  further  removed.  Some-  of  these  may  represent  individuals 
hypersensitive  to  radiation;  in  others,  the  distance,  may  not  have  been  ac¬ 
curately  recorded.  Most  of  those  beyond  1500  meters  have  some  major  lesions 
in  addition  to  radiation  effect.  It  is  true  that  the  latter  may  have  com¬ 
plicated  the  former.  In  other  instances,  death  from  the  main  cause  merely 
brought  to  autopsy  tissues  that  otherwise  might  have  escaped  the  scrutiny 
of  the  microscope. 

There  are  thus  extremely  few  truly  control  observations.  Nevertheless, 
for  the  sake  of  presenting  the  facts  in  this  section  with  a  minimum  amount 
of  bias,  as  many  major  variables  are  introduced  into  the  classification  as 
will  not  overburden  the  tables.  •; 

The  subdivision  into  groups  according  to  date  of  death  should  not  be 
taken  to  imply  that  the' tissues  of  all • exposed  .patients  passed  through  these 
"stages",  although  in  a  general  way  the  tendency,  was.. in  that  direction  even 
in  non-fatal  cases . ;  .The  .general- grouping’'  is.  merely  for-  convenience  in. des¬ 
cription  of,. the  types'"  of  lesions  in  persons  dying  during  certain  intervals. 
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The  Hiroshima  material  was  found  to  be  more  suitable  for  analysis  on 
the  basis  of  the  plan  just  outlined,  for  the  following  reasons t 

1.  A  more  continuous  series  of  cases  had  come  under  study. 

2.  It  was  possible  to  bring  together  more  of  the  early  necropsy 

material  in  the  Hiroshima  group. 

3.  Data  as  to  distance  in  the  Nagasaki  cases  were  almost  always 
"lacking,  except,  for  the  1?  patients  who  had  been  autopsied  by 

members  of  the  Joint  Commission.  These  all  fall  into  the  latest 

group . 

It  may  be  unequivocally  stated,  however,  that  at  least  the  temporal 
sequence  of  anatomical  changes  in  adequately  exposed  patients  in  the  two 
cities  was  similar.  Lamentably,  exact  comparison  by  distance  from  the 
bomb  is  not  possible  on  the  basis  of  the  material  at  hand. 

After  poorly  fixed  or  otherwise  uninterpretable  cases  were  eliminated 
representative  material  was  available  as  shown  in  table  2.  The  three  main 
groups,  based  on  date  of  death,  are  indicated  by  Roman  numerals. 

-  GROUP  I 

(Patients  dying  during  first  two  weeks) 

General  Remarks;  In  this  stage  there  are :  already  profound  evidences  of 
radiation  effect  in  the .tissues  but  many  of  the  more  spectacular  results 
c'f  damage  to  the  bone  marrow  such  as  petechiae  of  the  skin  and  necrotizing 
lesions  of  the  .gums  and  pharynx  have  usually  not  as  yet  appeared.  Likewise 
epilation  is  not  evident  upon  gross' inspection. 

The  clinical  data  are  summarized  in  all  available  detail  (table  3). 
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Table  2 


Types  of  Cases  from  which  Necropsy  Specimens  are  Available. 


Number 
of  Cases 
(HIROSHIMA) 

« 

Typ®  of  Cpoeo 
(With  Identifying  timber) 

Number 
of  Oases 
( NAGASAKI ) 

Croup  t 

(Dead  before  the  15th  day) 

3 

111 

No  Burns 

Within 

1500  Cl  a 

• 

>  1 

S 

112 

Burns 

1 

122 

Burns 

Beyond 

1500  tn., 

croup  ii 

Dead  15th  to  4oth  days) 

5S 

211 

No  Burns 

Within 

1500  m. 

j 

►  52 

5 

212 

Burns 

2 

222 

Burns 

jsoyona 

1500  Cl  0 

Croup  III 

(Dead  after  Uoth  day) 

.  9 

311 

No  .Burns 

Within 

1500  m» 

6 

l 

_1!2 

Burns 

3  ' 

4 

321 

No  Burns 

Beyond 

1500  do 

1 

3 

322 

Burns 

S 

ca 

? 

Data  Not  Given 

7 

94 

Grand  Total 

76  . 
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The  few  recorded  estimations  of  the  white  blood  count  do  not  show  leuko¬ 
penia.  There  are  records  of  other  patients,  however,  who  did  not  come  to 
autopsy  in  whom  a  leukopenia  was  demonstrated  during  the  first  week  (see 
Section  6) . 

Radiation  effect  is  manifest  in  striking  changes  in  the  lymphoid 
tissues,  bone  marrow,  testes,  and  the  epithelium  of  the  pharynx  and  tongue. 
Unfortunately,  skin  from  sites  that  were  not  burned  is  unavailable.' 

The  three  cases  of  Group  III  represent  the  only  necropsy  material 
available  from  persons  who- died  within  the  first  two  weeks  without  apparent 
ly  adequate  mechanical  or  thermal  injury.  They  died  at  a  time  when  the 
medical  emergency  demanded  a  concentration  of  energy  upon  first  aid  rather 
than  upon  scientific  investigation.  Consequently  necropsies  were  rarely 
performed.  According  to  Japanese  medical  observers,  however,  the  number  of 
such  obscure  deaths  were  large. 

Little  light  is  cast  upon  the  mechanism  of  death  in  these  patients 
by  examination  of  the  tissues.  Perhaps  there  is  a  very  sudden  and  over¬ 
whelming  bacterial  invasion,  with  minimal  tissue  response.  Some  evidence 
that  this  may  occur  is  the  presence  of  bacteria  in  such  tissues  as  the 
bone  marrow  (figures  82-810  in  later  stages.  In  the  cases  illustrated, 
however,  there  are  massive  foci  of  infected  necrotic  material  as  in  the 
lungs,  intestines  or  skin  from  which  the  bacteria  could  have  gained  access 
to  the  blood  stream. 
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HIROSHIMA*  Table  3 
GROUP  I 

(Patients  dying  before  15th  day) 
Clinical  Symptoms 
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Subgroup  HI 

2 

4 

24 

M  0*8 

£ 

1 

F 

£ 

0 

Weakness*  axoite- 
Kent  to  com 

5 

6 

39 

M  1*0 
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£ 
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0 

Headaches*  Simple 
fracture  of  femur 

y? 
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M  1*5 

£ 
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/ 

7500 
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/? 

Subgroup  112 

x 

3 

35 

M  1*3 
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5 

15 
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6 
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Sleeplessness 

7 

7 
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No  notation  -  no  information  given  in  record. 

0  -  indicates  that  sign  or  sympton  was  stated  to  have  been  absent. 

Burns 

Minor  Burns 
Severe  Burns 

TOC: 

Figure  in  (  )  indicates  day  on  which  stated  count  was  made. 

Fever : 

Fever  to  39° 

Fever  to  U0° 

Fever  to  Ul° 

GROUP  I 

(Died  before  l£th  day) 

Heart 

Subgroup  111:  (Within  lfjOO  meters;  no  burns) 

There  are  no  notable  gross  changes  except  for  a  few  subepicardial 
hemorrhages  in  the  two  hearts  of  which  there  is  record.  Microscopically 
in  one  case  there  is  observed  edema  of  the  perivascular  tissues  within  the 
myocardium.  The  other  myocardium  is  histotypical. 

There  are  no  remarkable, changes  in  the  large  or  small  vessels. 

Subgroup  112:  (Within  1500  meters;  burns)  ' 

Petechiae  of  the  epicardium  are  commonly  -  found  in  this  group..  These 
represent  the  only  gross  changes  of  note.  Unf ortunately,  there  is  no  des¬ 
cription  of  whether  the  blood  was  clotted  within  the  chambers  of  the  heart 
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in  these  cases.  Microscopically,  perivascular  edema  is  again  occasionally 
in  evidence.  Only  once  is  a  lesion  detected  in  the  endocardium  and  myocar¬ 
dium.  This  consists  of  plasma  cell  infiltration  just  beneath  the  endothe¬ 
lial  cells.  A  few  muscle  fibres  in  the  immediately  adjacent  layers  of 
myocardium  likewise  are  preserved  in  shadowy  outlines  and  the  myolemma 
contains  a  few  small  mononuclear  or  plasma  cells.  In  other  places,  only 
the  fibrous  stroma  surrounding  the  fibres  is  preserved.  These  changes 
are  not  present  in  the  deeper  layers  of  the  myocardium.  Such  changes  have 


been  described  in  various  infections,  as  in 

\ 

scrub 

typhus  and  in 

burns . 

*  TABLE  h,  Hiroshima 

> 

GROUP'  I 

\ 

Heart 

Observations 

Subgroup 

111 

112 

122 

Specimens  available 

(Gross) 

2 

8 

1 

(Microscopic) 

2 

8 

1 

Epicardial  hemorrhages 

2. 

'  6 

Perivascular  edema 

1 

..  2 

1 

Plasma  or  mononuclear  cell  infil¬ 
tration  of  myocardium 

1 

Thrombus  in  venule  ■ 

1 

Plasma  or  mononuclear  cell,  infil¬ 
tration  of  endocardium 

1 
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GROUP  I 


lassg. 

In  most  instances,  pulmonary  lesions  consisted  of  atelectasis  and 
emphysema  and  edema  of  the  interstitial  tissues.  No  other  lesions  were 
found  in  patients  dying  before  the  15th  day  who  were  not  burned.  Among 
8  burn  cases  only  once  was  there  an  aplastic  pneumonia  and  once  a  focal 
pneumonia  of  the  usual  type  with  a  rich  polymorphonuclear  exudate.  In 
this  instance  the  marrow  was  hyperplastic.  Such  an  individual  might  well 
have  been  among  the  survivors  if  it  had  not  been  for  the  burns. 

Subgroup  111:  (Within  1500  meters,  no  burns). 

The  lungs  in  the  three  cases  exhibit  no  characteristic  gross  lesions. 
Histologically,  there  is  usually  edema  of  the  pleura  and  in  the  connective 
tissue  of  the  bronchovascular  rays.  In  one  instance,  a  few  scattered  hem¬ 
orrhages  are  also  noted  in  the  parenchyma.  In  two  lungs  there  are  apparent 
microscopically,  but  not  grossly,  focal  zones  of  atelectasis  and  emphysema. 

In  one  of  these  there  is  also  a  finely  granular,  pink  staining  material 
in  the  lumina  of  the  alveoli  and  the  bronchioles  which  is  interpreted  as  the 
re stilt  of  pulmonary  edema.  There  is  no  necrosis.  Several  of  the  small  pul¬ 
monary  vessels  contain  minute  organizing  thrombi.  The  lymphoid  tissues  at 
the  bifurcations  of  the  bronchioles  partake  of  the  general  atrophy  of  the 
lymphoid  tissues. 

There  is  no  definite  evidence  of  blast  effect.  The  distribution  of 
the  hemorrhages  in  the  lung  of  the  one  case  where  they  appeared  is  not  re- 

V  .  . 

corded.  Hemorrhage  was  found  more  often  and  was  more  extensive  in  specimens 
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removed  after  the  second  week  (See  Group  II), 

Subgroup  112;  (Within  1500  meters,  burns) . 

Generally,  the  changes  resemble  those  of  patients  without  burns 5 
i.e.,  there  are  usually  focal  atelectasis  and  emphysema  (figure  l)  and 
edema  of  the  pleura  and  other  interstitial  connective  tissues.  Petechiae 
are  observed  in  the  pleura ■ in  about  one-third  of  the  cases .  The  hilar 
lymph  nodes  are  stated  to  be  small  grossly  in- one  case.  Microscopically, 
the  lymphoid  tissue  in  the  lungs  is  very  scanty.  In  addition  to  these 
findings,  however,  foci  of  consolidation  are  noted  in  two  cases  and  one 
of  these  is  found  to  be  produced  by  what  hereafter  will  be  referred  to  as 
"aplastic  pneumonia,"  The  following  description  is  from  Key  No.  11  (died 
8th  day) : 

The  large  alveoli  have  thick  walls  and  their  lumina  contain  large 
quantities  of  finely  granular,  pink  staining  material  and,  in  some  in¬ 
stances,  interlacing  threads  of  fibrin.  Groups  of  leukocytes  are  found 
in  the  lumina  of  the  small  blood  vessels.  It  is  difficult  to  identify 
their  exact  nature,  but  in  some  instances,  where  the  shadowy  outlines  of 
nuclei  can  still  be  made  out,  some  appear  to  be  polymorphonuclear  leuko¬ 
cytes  or  stab  cells.  In  the  lumina  of  some  of  the  alveoli  are  seen  clumps 
of  finely  granular,  purple  staining  bacterial.  These  are  not  associated 
with  a  cellular  exudate  except  in  the  case  of  a  few  alveoli.  The  septa  of 
the  lung  and  the  pleura  are’. both  edematous.  Only  small  quantities  of  fine- 
ly  granular  black  pigment  are  present  within  these  structures.  It  is 
notable,  however,  that  this  patient  has  a  hyperplastic  bone  marrow,  but 


-23-  (8) 


23 


apparently  few  polymorphonuclear  cells  are  being  delivered  to  the  lesions 
in  the  lungs « 

In  one  instance.  Key  No.  12,  despite  the  fact  that  the  distance  of 
the  patient  is  recorded  as  having  been  only  700  meters,  there  is  focal  nec¬ 
rotizing  pneumonitis,  in  which  there  are  numerous  polymorphonuclear  leukocytes. 
Burns  in  this  individual  are  also  found  to  be  relatively  slight. 


TABLE  5.  Hiroshima 
GROUP  I 
Lungs 


Observations 

111 

112 

122 

Microscopic 

Specimens  Available 

3 

8 

1 

Focal  Atelectasis  and 

Emphysema 

1 

6 

1 

Edema  of  Interstitial 

Tissue 

2 

6 

1 

Edema  Fluid  in  Alveoli 

1 

Thrombi  or  Emboli  in 

Pulmonary  Arterioles 

1 

1 

Focal  Parenchymal 

Hemorrhages 

1 

Focal  Aplastic 

Pneumonia 

1 

Focal  Necrotizing  ,  ' 

Pneumonia  with  PM  . 

1 

1 

Additional  Observations '  . 

r 

Focal  Fibrpcaseous  Nodule 

1 

t 

Fibrous  Pleural  Adhesions 

3 

1 

Ghon' s  Complex 

1 

Apical  Fibrous  Scar 

1 

2h 
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Spleon 

General  Remarks;  The  spleen  usually  is  reduced  in  size  but  may  be  enlarg¬ 
ed,  either  on  account  of  congestion  or  on  account  of  proliferation  or  in¬ 
filtration  of  cells.  The  reduction  in  size  is  apparently  associated  with 
a  striking  disappearance  of  lymphoid  tissues  that  is  evident  as  early  as 
the  third  day,  and  which  may  persist  for  at  least  three  months  thereafter. 

After  the  fourth  day  there  is  in  many  spleens  an  increase  in  atypical 
large  mononuclear  cells,  resembling  lymphoblasts,  large  plasma  cells,  atyp¬ 
ical  reticulum  cells  or  even  Reed— Sternberg  cells. 

Subgroup  111:  (Within  1500  meters;  no  burns). 

The  weights  in  two  cases  are  respectively  65  and  135  Gm,  All  three 
available  specimens  have,  a  dark  red  color  and  pulpy  consistency.  Little 
material  is  yielded  to  the  knife  upon  scraping.  -Malpighian  corpuscles  are 
invisible  to  the  naked  eye  but  the  trabeculae  are  distinct. 

Microscopically,  it  is  apparent  that  remarkable  changes  have  occurred 
in  the  spleen.  Lymphocytes  have  almost  completely  disappeared.  The  sites 
of  the  malpighian  corpuscles  are  only  vaguely  outlined  by  the  whorled 

•  •  ^  ■  *  v‘  -  :  '  '  - 

structure  of  the-  collagenous  and  reticular  tissue  that  immediately  surrounds 
the  central  arterioles  (figures  3j  4?  and  5) ,  The  subendothelial  tissue 
of  the  latter  contains  a  brightly  acidophilic  refractile  material.  The 
endothelium  itself  is  well-preserved  and  in  many  cases  the  muscle  fibres 
also  stain  well,  '  The  lumen  .in  most  instances  is  patent.  In  the  immediate 
vicinity  of  these  central  vessels  are  found  only  a  few  small  mononuclear 
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cells.  Some  of  the' latter  as  well  as  the  nuclei  of  certain  larger  cells, 
presumably  those  of  former  gernimal  center  cells,  are  in  process  of  karyo- 
lysis  and  their  cytoplasm  has  become  shrunken,  opaque,  and  granular  (figure 
U).  Among  these  cells  are  present  many  apparently  empty  spaces.  The  pro¬ 
cess  appears  to  be  one  of  necrobiosis  and  there  is  no  evidence  of  phagocy¬ 
tosis,  Not  a  single  well-preserved  malpighian  corpuscle  is  found  in  two 
large  sections  "that  are  examined.  There  is  no  apparent  change  in  the  fibre- 
elastic  structure  of  the  capsule  and  trabeculae.  At  the  insertions  of  the 
latter  upon  the  former  there  are  deep  indentations  of  the  surface. 

The  histologic  structure  of  all  three  spleens  is  identical  in  the  fea¬ 
tures  just  described.  In  one  case  (figure  8)  who  died  on  the  8th  day, 
there  is  in  addition  a  tremendous  proliferation  of  atypical  cells.  These 
are  irregular  in  shape  and  possess  neutrophilic  or  basophilic  cytoplasm 
and  usually  hyper chroma tic  nuclei  with  thick  nuclear  membranes  and  prominent 
nucleoli.  Some  resemble  mature  reticulum  cells.  Others  have  the  appear¬ 
ance  of  lymphoblasts  and  some  are  so  large  and  so  biazere  as  to  resemble  the 
Reed-Sternberg  cells.  Many  cells  are  found  in  mitosis  and  some  of  these 
mitoses  are  atypical,.  In  the  case;  just  described,  the  size  of  the  spleen  is 
not  reduced,  wt.  135  Gm,  despite  atrophy  of  the  lymphoid  follicles.  This 
apparently  is  the  result  of  proliferation  of  the  atypical  cells, 

Erythrophagocytosis  and. hemosiderosis  of  moderate  degree  are  in  evidence 
in  all  of  these  'spleens,  . 

Subgroup  112:  (Within  1500  meters j  burns) . 

In  four  of  six  cases,  the  spleen-  was  found  to  weigh  less  than  100  gm. 

In  one  instance,  the  weight  of  the  organ  was  220  Gm.  Gross  observations 
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are  as  described  in  the  preceding  section.  In  one  instance,  a  rupture  of 
the  spleen  with  a  slight  quantity  of  blood  in  the  peritoneal  cavity  was 
found.  This  patient'  had  sustained  trauma  to  the  head  and  possibly  this 
lesion  was  also  of  traumatic  origin. 

Microscopically, . the  appearance  is  as  in  subgroup  111.  Usually  there 
is  striking  atrophy  of  the  lymphoid  tissue  and  atypical  derivatives  of 
reticulum  cells  are  usually  prominent.  They  resemble  the  ’’splenic  tumor 
cells”  described  by  Rich,  Lewis  &  Wintrobe,-* 

Perifollicular  and  intrafollicular  hemorrhages  are  noted  in  K-3  (fig¬ 
ure  5) >  Erythrophagocytosis  is  striking  in  one  instance  (figure  6  and  7) 
and  small  quantities  of  iron- containing  pigment  are  demonstrated  even  in  the 
earliest  autopsies  (3  to  5  days)  by  the  Prussian  blue  reaction.  The  gene¬ 
ral  problem  has  been  discussed  in  the  Summary  at  the  beginning  of  this  sec¬ 
tion  and  will  not  receive  a  special  mention  in  the  text.  In  the  case  of 
the  enlarged  spleed,  numerous  plasma  cells  and  large  spindle-shaped  or 
polygonal  cells  containing  prominent  eosinophilic  granules  are  found  through 
out  the  organ. 


*-Rich,  A.  'R.,  Lewis,  M,  R0,  and  Wintrobe,  M.  M.,  "The  Activity  of.  the  Lym¬ 
phocyte  in  the  Body’s  Reaction  to  Foreign  Protein,  as  established  by  the 
Identification  of- the  Acute' Splenic  Tumor  Cell."  Bulletin  of  the  Johns 
Hopkins  Hospital,  65:  311-328,  1939. .  '  .7-  •'  ‘  -  ;  -  . 
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TABLE  6,  Hiroshima 


GROUP  I 
Spleen 


£ 

Observations 

111 

112 

122 

Specimens  Available 

3 

8 

1 

Wt.  less  than  100  g. 

1  of  2 

b  of  6 

1 

Rupture 

- 

1 

.Decrease  of 

Lymphocytes 

3 

5 

1 

Absence  of  Germinal 

Centers 

3 

$ 

1 

*■ 

Atypical  Mononuclear 

Cells 

3 

6 

1 

o 

Hyaline  Change  in  • 

Vessels 

3 

t 

Heavy  Plasma  Cell 

Infiltration 

1 

Perifollicular 

Hemorrhage 

1 

Numerous  Eosinophiles 

-• 

1 

-  *  ■  ,  ■  ' 

.  GROUP  I 

• 

■  :''c  . 

'  LYMPH  NODES  '  • 

":= •  ,  '  ■ 

■V. 

Unfortunately  no  material 

is  available  from  subgroup  111.  The  essen- 

tial  change  seen  in  most  nodes 

of  subgroup  112,  is 

disappearance,  of  the 

rf- 

■  germinal  centers  and  reduction 

of  the ' numbers  of 

the-  small  , lymphocytes. 

The  reticulum  of  the  node- thus 

at  first  becomes  compacted,.  This- compaction 

is  demonstrated  to  a  remarkable  degree  in  a  patient  who  died  on  the  10th  day. 
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Unfortunately,  the  distance  is  not  known  (figure  9,  -  see  also  figure  10). 
As  early  as  the  fifth  day  large  cells  with  the  morphology,  of  lymphoblasts 
or  more  bizarre  elements  resembling  the  atypical  cells  seen  in  the  spleen 
are  suspended  on  the  reticulum  (figure  11).  An  occasional  large  cell  is 
found  in  mitosis. 


TABLE  7.  Hiroshima 
GROUP  I 
Lymph  Nodes 


Observations 

111. 

112 

122 

Specimens  Available 

0 

k 

0 

Decrease  of 

Lymphocytes 

3 

Absence  of  Germinal 

Centers 

3 

Atypical  Mononuclear 

Cells 

2‘  . 

■  ,-jlVr'  •  "  GROUP  I 

_  ■  ,  ■  •  IL:..  Bond  Marrow  . 

General  Remarks :  As  judged.:. by  the  appearance  of  femoral  marrow,  in  two 

instances;  arid  confirmed,  try  the-  absence; of  cellular  exudates  in  infected 

lesions,  hypoplasia  of  bone  marrow  may-  occur  as  early  as  the  sixth  day 
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and  probably,  earlier, /  There  is  already  evidence  of  slight  proliferation 
of  reticulum  and  of  the  formation  of  plasma-like  cells.  Sternal  marrow 
shows  a  similar  hypoplasia  or  by  the  end  of  the  second  week  there  may  be 
a  focal  reticulum  hyperplasia  of  remarkable  degree.  The  hypoplasia  of 
marrow  as  seen  histologically  is  confirmed  also  by  sternal  aspiration  in 
patients  who  may  be  assumed  to  have  received  a  considerable  dose  of  radiat¬ 
ion. 

In  other  patients,  in  like  circumstances  as  to  distance  from  the  bomb, 
whose  lymphoid  tissue  has  become  atrophic,  the  bone  marrow  under  the  sti¬ 
mulus  of  infected  burns  may  actually  show  a  hyperplasia  before  the  l?th 
day.  The  capacity  or  inability  of  these  marrows  to  produce  leukocytes  for 
delivery  into  the  lesions  is  indicated  by  their  presence  or  absence  in  ob¬ 
viously  infected  burns  or  other  lesions;  either  condition  may  exist.  It 
may  be  that  such  patients  would  have  been  among  the  survivors  had  the  burns 
not  occurred. 

Subgroup  111;  (Within  1^00  meters:  no  burns). 

One  specimen  of  marrow  (figure  12)  is  available  from  a  39-year-old 
man  who  died  on  the  sixth  day  (Key  No.,  5) .  Unfortunately,  the  material  is 
derived  from  a  long  bone,  either  the  humerus  of  femur,  rather  than  from  a 
source  where  more  active  hematopoiesis  usually  would  be  in  progress.  Among 
the  fat  cells  there  are  small,  amounts  .of  cellular  tissue,  and  widely  dilated 
blood  vessels.  Many  of  the  cells  resemble  plasma  cells  and  in  the  hemato¬ 
xylin  and  eosin  preparations  they  have  wine-colored,  deeply  staining  cyto- 
plasm  and  pyknotic  nuclei.  Other  elements  are  larger,  intermediate  in  size 
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between  them  and  the  large  stellate  elements. of  the  reticulum.  Some 
of  these  exhibit  the  phagocytic  property  since  their  cytoplasm  is  filled 
with  erythrocytes.  Occasionally  a  cell  resembling  a  reticulum  cell  is 
found  to  have,  an  enormous-  mass  of  cytoplasm  and  a  much-folded  vesicular 
nucleus.  These  cells  are  not  nearly  as  large  as  the  megakaryocytes  and 
their  cytoplasm  is  more  basophilic.  Only  a  rare  myelocyte  is  found.  There 
is  nothing  that  suggests  well -functioning  hematopoietic  tissue. 

Evidence  of  the  insufficiency  of  hematopoietic  tissue  in  this  case  is  ' 
the  total  absence  of  leukocytes  in  a  small  portion  of  burned  skin  (figure 
28). 

Subgroup  112:  (Within  1500  meters;  burns). 

The  material  removed  from  a  long  bone  in  Key  No,  6  closely  resembles 
the  tissue  just  described  and  there  are  likewise  no  polymorphonuclear 
exudates  in  the  burn. 

In  a  specimen  of  marrow  from  the  sternum  (Key  98,  figure  13) ,  the  resi- 
dual  tissue  is  slightly  richer  in  cells,  but  their  morphology  is  similar. 
Many  plasma  cells  are  found  in  long  strings,  applied  adventitially  to  the 
thin-walled  vessels  of  the  marrow.  Unfortunately  the  distance  of  this  pat¬ 
ient  is  unknown,  but  it  is  assumed  that  he  belongs  in  subgroup  112. 

In  another  patient  (Key. JLOQ,  figure  14)  who  died  on  the  12th  day  and 
whose  distance  from  the  bomb  is  again  unknown,  there  is  in  sections  of 
sternum  focal  hyperplasia  of  reticulum  together  with  numerous  plasmacytoid 
-cells.  'This' type  of  response  termed  "marked  focal-reticulum  hyperplasia" 
is  discussed  in  Group  II  and  its  description  will  not  be  further  elabroated 


In  Key  11  and  Key  12,  stated  to  have  been  at  1200  meters  and  700 
meters  respectively,  there  is  hyperplasia  of  the  marrow  in  the  long  bones 
with  shift  to  the  left.  Granting  the  position  of  these  patients  to  have 
been  correctly  stated,  this  occurrence  represents  an  individual  variation  - 
in  response.  Had  there  been  no  burns  these  patients  probably  would  have 
been  among  the  survivors, 

TABLE  8,  Hiroshima 
GROUP  I 
Bone  Marrow 

Observations  111  112  122 


Long  Bones 

Specimens  Available  1 

a.  Hypoplasia  1 

b.  Marked  Focal  Reti¬ 
culum  hyperplasia 

c.  Focal  Myeloid 
Regeneration 

d.  Marked  Myeloid 
Hyperplasia 


3  1 

1 


2 


Flat  Bones  -•  .  '  ’  /  \  •  .  . 

Specimens  Available  '  -  / 

a.  Hypoplasia  -r  _■>  -'T-,/. ;  A;  •' 

fc,  Marked  Focal  Reti-  '  V  .  .  -  ,  '  ■ 

culum  hyperplasia  • 

c.  Focal  Myeloid 

regeneration  /-  •  ; 

d.  Marked  Myeloid  • 

Hyperplasia _ _ 

^Includes  case  in  which  distance  is  not  stated. 


■  2# 
1*  - 
.  1* 
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GROUP  I 


Gastrointestinal  Tract 


General  Remarks;  The  most  notable  changes  in  the  gastrointestinal  tract 
are  the  atypical  mitoses  in  the  ephithelial  cells  observed  in  the  intes¬ 
tines  of  certain  patients  dying  before  the  seventh  day*  They  closely  re¬ 
semble  lesions  found  in  animals.  The  period  of  time  during  which  this 
change  may  be  observed  is  probably  brief.  It  is  not  found  in  Hiroshima 
patients  that  came  to  autopsy  after  the  seventh  day.  The  atypical  cells 
apparently  die  quickly  and  are  replaced. 

Occasional  ulcerative  lesions  are  found  in  the  small  and  large  intes¬ 
tines  toward  the  eighth  day.  Some  of  these  ulcers  may  have  had  their  origin 
as  the  result  of  the  destruction  of  portions  of  the  epithelium  but  the  leu- 
kipenia  which  is  present  in  some  patients  at  this  time  is  probably  also  an 
important  factor. 

In  one  patient  at  Nagasaki  (Key  No.  175)  who  died  on  the  11th  day 
after  the  bombing- and  whose  distance  from  the  center  is  unknown,  there  can 
be  seen,  despite  some  postmortem  changes,  bizarre  epithelial  cells  at  the 
bases  of  some  of  the.  crypts.  Other  crypts  are  lined  by  typical  epithelium. 
Most  of  the  cells  at  the  surface  have  sloughed,  (figure  17a),.  Focal  nec¬ 
rosis  of  the.nriicosa  arid  the  , submucosa  has  taken  place.,  Bacterial  masses 


line  and  fill  some  of  the  crypts  and  are  found  also  in  the  superficial  parts 
of  the  underlying  submucosa,which  is  tremendously  edematous .  No  leukocytes 


are  found  in  these  lesions. 


Both  the  direct  effects  of  the  radiation  and  the.  absence  of  trie  leu¬ 
kocytic  defense  mechanism  may  have  contributed  to  the  pathogenesis  of  the 
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lesions  in  this  case. 


Subgroup  111;  (Within  1500  meters;  no  burns). 

Stomach:  Pstechiae  are  seen  grossly  in  two  cases.  Only  one  histo¬ 
logical  section  is  available.  The  outer  parts  of  the  mucous  membrane  con¬ 
tain  very  many  plasma-like  cells  whose  number  decreases  as  the  muscularis 
mucosae  is  approached.  Some  of  the  epithelial  cells  near  the  surface  are 
spindle-shaped  and  shrunken,  and  occasionally  their  nuclei  are  gigantic 
and  hyperchromatic.  Deeper  in  the  mucosa  the  acid  and  chief  cells  are  well 
differentiated.  A  few  very  small  foci  composed  of  small  mononuclear  cells 
are  situated  below  the  muscularis  mucosae, 

,  Small  Intestines:  No  lesions  are  described  grossly  in  any  of  the  three 
cases  in  this  group.  Microscopically,  in  two  cases  who  died  respectively 
on  the  fourth  and  sixth  day  after  the  bombing,  there  are  remarkable  changes 
in  the  intestinal  epithelium.  The  following  is  a  description  of  the  lesion 
in  Key  No,  5  (died  6th  day). 

In  a  section  of  ileum  the  superficial  parts  of  the  lamina  propria  are 
intensely  congested.  The  epithelium  of  the  surface  has  in  part  sloughed. 
That  which  remains  is  extremely  irregular.  Mary  epithelial  cells  are 
spindle-shaped  and  some  possess  vesicular  nuclei  with  large  clumps  of  chro¬ 
matin  and  irregular  masses  of  basophilic  cytoplasm  (figure  15  and  16).  Few 
small  lymphocytes  are  left  in  the  mucosa  and  there  are  relatively  large 
numbers  of  plasma  cells  together  with  reticulum  cells.  The  submucosa  is 
edematous.  Ulceration  has  not  occurred.  The  changes  in  the  intestines 
of  Key  No.  2,  died  6th  day,  are  similar,  A  tripolar  mitosis  is  illustrated 
(figure  17). 

3h 
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Colon;  In  Key  No.  9,  superficial’  ulcers  of  the  large  intestine 
covered  with  fibrinous  material  are  described.  Unfortunately,  sections 
are  not  available. 

Subgroup  112;  (Within  1500  meters;  burns). 

Stomach;  , Petechiae  again  are  common.  In  one  burned  patient  (Key  No.  8) 
there  is  an  acute  ulcer  of  the  cardia  of  which  there  is  no  histological 
section. 

Small  Intestines:  A  superficial  ulcer  and  hemorrhage  are  found  once. 
There  is  only  one  case  in  which  there  are  even  suggestively  atypical  mi¬ 
toses  and  large  bizarre  nuclei  in  the  epithelial  cells  (Key  No.  11) . 

Large  Intestines;  Superficial  ulcers  (histological  sections  not  avail¬ 
able)  are  described  in  one  case.  All  of  these  superficial  ulcerative  le¬ 
sions  are  found  in  patients  dying  on  the  seventh  day  or  later. 

GROUP  I 
Liver 

Subgroup  111;  (Within  1500  meters;  no  burns). 

Grossly,  in  all  three  cases  the  organ  is  of  the  usual  size. 

Microscopically,  the  cells  appear  finely  granular  and  display  no  fatty 
changes.  The  nuclei  of  some  of  the  cells  near  the  pericentral  vein  are 
large  and  hyperchromatic.  The  central  ends  of  the  hepatic  cell  cords  are 
narrower  and  the  sinusoids  here  are  more  widely  dilated  than  elsewhere.  In 
all  three:  instances  the  walls  of  many  central  veins  appear  to  be  thick  and 
to  consist  of  loosely  arranged  collagenous  material  which  extends  outward 
in  strands  among  the  cell  cords  (figure  18).  This  change  is  interpreted  to 
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TABLE  9.  Hiroshima 
GROUP  I 

Gastrointestinal  Tract 


Observations 

111 

112 

122 

Stomach 

Specimens  Available 

(Gross) 

3 

8 

1 

(Histologic) 

1 

7 

0 

Petechiae 

2 

3 

1 

Acute  Ulcer 

1 

Plasma  Cell  Infiltration 

1 

1 

Atypical  Epithelial  Cells 

1 

Small  Intestine 

Specimens  Available 

(Gross) 

2 

8 

1 

(Microscopic) 

2 

5 

1 

Ulcers  and  Hemorrhage 

l* 

Atypical  Epithelial  Cells 
and  mitoses 

2-:Hf 

l 

Petechiae 

1 

Large  Intestine 

Specimens  Available 

1 

8 

Superficial  Ulcers 

1* 

\  1* 

Additional 

Ascariasis  ' 

2 

3  - 

■  — 

-Sf-Gross  Only  .  ~ 

**There  is  also  a  Nagasaki  case  with  similar  changes  in  the  epithelium 
together  with  ulcers  of  the  intestines. 
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be  'the  result  of  edema.  The  Kupffer  cells  are  not  strikingly  enlarged 
nor  do  they  contain  unusual  quantities  of  pigment. 

Subgroup  112:  (Within  1000  meters;  burns). 

A  common  feature  is  the  absence  of  fatty  change.  The  cytoplasm  of  the 
hepatic’  cells  is  finely  granular.  There  is  slight  congestion  of  the  sinus¬ 
oids  at  the  central  ends.  The  significance  of  this  is  difficult  to  assess. 


TABLE  10.  Hiroshima 
GROUP  I 
Liver 


Observations 

111 

112 

122 

Specimens  Available 

3 

8 

1 

Giant  Nuclei  in  Peri¬ 
central  Hepatic  Cells 

3 

1 

Central  Congestion 

(Slight) 

3 

8 

1 

Edema  of  Pericentral 
Connective  Tissue  ••• 

3 

Heavy  Plasma  Cell  Infil¬ 
tration  of  Portal  Zones 

1 

-  ; :  .  >•  •• 

:  / !  .  ■  ;  GROUP  ' I  '  -  / 

;/•.  -  / 

-  '  ■'  ;  ■  -;v ■; 

'  '■  ;  Pancreas’ 

' •••  •  '  / 

General  Remarks:  /There  are" 

no ‘gross  or  microscopic 

lesions  in  the 

pancreas. 
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GROUP  I 


Kidneys 

Subgroup  111:  (Within  1500  meters;  burns). 

Hemorrhages  are  observed  beneath  the  mucous  membranes  of  the  pelvis 
in  two  instances;  otherwise,  there  is  nothing  remarkable  grossly  in  the 
three  specimens  available. 

Microscopies  Except  for  evidence  of  cloudy  swelling  of  the  epithelial 
cells  of  the  convoluted  tubules  in  two  cases,  there  are  no  significant 
changes.  The  blood  vessels  do  not  contain  fibrinoid-  or  hyaline  material. 

In  the  sinusoids  of  the  ccrtico-medullary  junction  in  one  section 
(Key  No,  9,  figure  19)  there  are  remarkable  collections  of  small  and  large 
mononuclear  elements.  Some  are  small  and  have  almost  spherical,  deeply 
basophilic  nuclei  and  scanty  remnants  of  basophilic  cytoplasm.  These  re¬ 
semble  small  lymphocytes.  Other  cells  are  much  larger  and  have  relatively 
greater  quantities  of  deeply  hematoxylinophilic  cytoplasm.  The  nuclei  of 
such  cells  often  have  coarse  clumps  of  chromatin.  Such  cells  resemble 
blasts.  Mingled  with  these  are  very  large  cells  which  lave  large  masses 
of  neutrophilic,  at  times  vacuolated,  cytoplasm  that  encloses  a  small 
flattened  or  bean-shaped  nucleus.  Such  cells  resemble  macrophages.  Occa¬ 
sionally  some  of  the  large  basophilic  elements  appear  to  be  attached  to 
the  wall  and  here  they  are  flat.  They  give  the  impression 'of  being  endo¬ 
thelial  cells  in  process  of  becoming  detached  and  rounded.  Occasionally, 
a  cell  is  found  in  mitosis.  There  are  no  cells,  among  these  that  have  the 
appearance  of  mature  normoblasts.  There  is  also  no  evidence  of  specific 
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granulation  of  cytoplasm  to  suggest  that  these  groups  are  meylocytes. 
Their  significance  is  difficult  to  assess.  They  have  been  noted  in  other 
conditions,  as  in  scrub  typhus*. 

Subgroup  112:  (Within  1500  meters j  burns). 

The  usual  gross  description  is  that  the  kidneys  are  pale  and  slight¬ 
ly  swollen.  Usually  there  are  minute  hemorrhages  beneath  the  epithelium 
of  the  pelves  and  microscopically,  the  evidence  of  cloudy  swelling  is 
striking.  In  two  instances,  (Key  No.  11  and  12)  the  peculiar  mononuclear 
cells  found  in  the  cortico-medullary  sinusoids  are  again  visible  (figure 
20) ,  In  one  patient  who  had  severe  burns  (Key  11)  there  is  a  very  heavy 
plasma  cell  infiltration  about  the  glomeruli.  These  cells  occur  also  in- 
large  numbers  elsewhere  in  the  tissues  of  this  patient,  as  in  the  spleen 
and  even  in  the  heart. 


TABLE  11.  Hiroshima 
GROUP  I 

_ Kidneys  - 


Observations 

111 

112 

122 

Specimens  Available 
(Gross) 

3 

8 

0 

(Microscopic) 

2 

7 

Hemorrhages  of  Pelvis 

2 

6 

- 

Cloudy  Swelling 

2 

7 

Small  and  Large  Mononuclear  Cells 
in  Cortico-medullary  Sinusoids 

1 

2 

Heavy  Plasma  Cell  Infiltration 

1 

-sAllen,  A.  C.,  &  Spitz,  S.,  "A  Comparative  Study  of  the  Pathology  of  Scrub 
Typhus  (Tsutsugamushi  Disease)  and  other  Rickettsial  Diseases” .  Am.  J. 
Pathol1. ,  21:  603^681,  19U5. 
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GROUP  I 


Ureters  and  Bladder 

There  are  no  remarkable  changes  in  the  ureters  or  bladder. 

GROUP  I 
Testes 

Subgroup  111:  (Within  1500  meters j  no  burns). 

Grossly,  the  tubules  string  out  easily.  There  are  no  apparent 
changes  in  the  size  or  consistency  of  the  testes.  Descriptions  are  avail¬ 
able  in  two  cases.  That  of  Key  No.  2  follows: 

Microscopically,  even  after  four  days,  there  are  striking  changes. 

The  germinal  epithelium  has  largely  sloughed  from  the  basement  membranes. 

In  these  membranes,  there  are  now  masses  of  Sertoli  cell?  which  in  some 
places  form  an  almost  continuous  sheath.  Spermatogonia  are  largely  in  the 
lumina  of  the  tubules.  A  few  cells  are  found  in  mitosis  and  there  are  re¬ 
latively  few  spermatids  and  spermatozoa  (figure  21) .  Many  spermatogonia 
and  their  derivatives  have  pyknotic  nuclei.  The  interstitial  tissue,  which 
is  not  hyperplastic,  consists  of  large  vacuolated  polygonal  cells  replete 
with  finely  granular  brown  pigment.  The  rete  testis  contains  not  only 
sperma.togoa  but  remnants  of  their  precursors  that  have  sloughed  away  in 
various  stages  of  necrosis  (figure  22).  / 

Subgroup  112:  (Within  1500  meters,  burns) .  - 

In  one  Instance,  Key  No,  7,  the  changes  are  entirely  analogous  to 
those  described  in  Key  No.  .2  in  subgroup  111.  In  another  case.  Key  No.  12, 
the  tissue  is  poorly- preserved  but  ho. definite  microscopic  changes  are 
detected,  :  - 


UO 
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GROUP  I 


Ovaries 

Subgroup  112:  (Within  1500  metersj  burns). 

In  one  patient,  aged  13,  who  may  be  assumed  not  to  have  passed  the 
menarche,  there  are  numerous  primordial  follicles  and  small  follicular 
cysts  but  no  developing  follicles  nor  corpora  albicantia. 

All  of  the  patients  in  subgroup  111  are  male. 

\ 

GROUP  I 
Brain 

Subgroup  111;  (Within  1500  metersj  no  burns). 

Descriptions  of  two  brains  are  recorded  in  the  protocols.  Both  show 
striking  congestion  of  the  vessels.  In  one,  there  are  superficial  contu- 

V 

sions  and  hemorrhages  in  the  occipital  and  temporal  lobes  and  the  cerebro¬ 
spinal  fluid  is  blood  tinged.  This  lesion  is  probably  of  traumatic  origin. 

ji> 

Histologically  even  the  Purkinje  cells  are  well-preserved.  Neither  cellu-  , 
lar  exudate  nor  gliosis  is  in  evidence. 

TABLE  12.  Hiroshima 
GROUP  I 


Observations 

.  Ill 

112 

122 

Specimens  Available 
(Gross) 

2 

7 

(Microscopic) 

2 

5 

Congestion 

2 

h 

\ 

Multiple  Contusions 
with  hemorrhages  •  , 

1 

Edema  of  pia 

2 

Capillary  hemorrhages 

1 

*  ! 
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GROUP  I 


Adrenals 

General  Remarks:  Even  in  the  early  cases  there  is  evidence  of  a  decrease 
in  the  cortical  lipoid .  In  some  instances ,  the  cells  of  the  zona  glomeru- 
losa  have  become  atrophic  and  edamatous  collagenous  tissue  extends  in  the 
thickened  septa  among  them.  Little  change,  except  for  the  loss  of  lipoid, 
is  detected  in  the' adrenals.  There  is  no  alteration  in  the  structure  of 
the  medula. 

Subgroup  111!  (Within  15>00  meters j  no  burns). 

Grossly,  the  medulla  is  described  as  relatively  narrow  in  one  instance. 
Otherwise,  the  structure  is  said  to  be  typical  with  an  abundance  of  lipoid 
material  in  the  cortex. 

Microscopically,  in  the  first  case  of  this  subgroup  (Key  No.  2,  died 
Uth  day)  there  is  evident  a  striking  atrophy  of  the  cells  in  the  zona  glo- 
merulosa.  Edematous  collagenous  material  extends  inwards  from  the  capsule  , 
into  this  layer.  The  nature  of  this  change  is  similar  to  that  of  the  peri¬ 
central  tissues  of  the  liver  (compare  figure  18).  The  remainder  of  the 
cortical  cells  also  show  relatively , little  vacuolation  and  have  finely  granu¬ 
lar  cytoplasm.  There  is  abundance  of  fine  brown  pigment  in  the  reticula- 
ris.  The  medullary  substance  is  preserved  in  its  typical  histology. 
i  In  another  case,  which  is  not  otherwise  unusual,  fibrinous  material 

has  appeared  in  the  septa  of  the  areolar  tissues  that  traverse  the  peri- 
adrenal  fat. 
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TABLE  13.  Hiroshima 


GROUP  I 
Adrenals 


Observations 

111 

112 

122 

Specimens  Available 

3 

6 

1 

Atrophy  of  cortex* 

1 

3 

1 

Fibrinous  material 
in  peri-adrenal  fat 

1 

Heavy  plasma  cell 
infiltration 

- 

1 

Hyaline  change  of 
capsular  arterioles 

1 

^Usually  with  special  involvement  of  the  zona  glomerulosa. 


GROUP  I 
Thyroid 

In  material  from  one  case  in  subgroup  111,  no  changes  are  detected 
grossly  or  microscopically, 

GROUP  I 
Parathyroid 

One  parathyroid  from  subgroup  112  is  found  to  consist  almost  entirely 
of  chief  cells  of  typical  appearance. 

/  ■ ,  '  GROUP  I 

Pituitary  • 

Subgroup  111:  (Within  1000  meters,  no  burns). 

Pituitary:  Only  one  section  is  available  (Key  No.  2,  iith  day). 
Despite  poor  fixation,  it  can  be  established  that  there  is  predominance 
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of  acidophilic  cells  among  the  chromophiles,  which  is  to  be  expected  in 
a  2li-year-old  man. 

Subgroup  112:  (Within  1500  meters,  burns). 

Two  specimens  are  available,  one  from  a  female  and  the  other  from 
a  male.  In  both  of  these  there  is  a  predominance  of  acidophilic  cells, 

.*  .  GROUP  I  , 

Thymus 

Subgroup  112:  (Within  lSOO  meters;  burns). 

.  j  * 

Interpretation  of  changes  in  the  thymus  always  is  difficult  but  the 
appearance  of  the  organ  in  a  13-year-old  boy  dying  on  the  third  day  is 
compatible  with  that  of  the  lymphoid  tissue  (Key  No.  1,  figure  2U) •  The 
connective  tissue  is  edematous.  The  lobules  of  parenchyma  consist  of  stel¬ 
late  reticular  elements  supporting  small  cells  with  ovoid  nuclei  which  like¬ 
wise  have  stellate  processes.  Small  round  cells  indistinguishable  from 
lymphocytes  are  rare.  Occasional  mononuclear  cells  with  eosinophilic  gran¬ 
ules  in  the  cytoplasm  also  are  occasionally  found,  Hassal's  corpuscles 
are  numerous  but  small.  They  are  anuclear  at  their  centers  in  most  instances, 
and  some  have  become  calcified. 

In  other  specimens  from  this  group,  according  to  the  gross  descriptions, 
almost  total  atrophy  of  the  organ  has  occurred, 

GROUP  I 
Neck  Organs 

Remarkable  changes  have  occurred  in  the  epithelium  of  the  pharynx, 
tonsils,  tongue  and  esophagus,  in  Key  No.  98.  Unfortunately  the 

distance  and  exposure  of  this  patient  are  unknown.  All  that  is  known 

-  * 

of  the  clinical  history  is  that  he  suffered  trauma  and'  burns.  It  may  be 
presumed  from  the  appearance  of  the  lymph  nodes  (figure  9)  and  of  the 
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sternal  bone  marrow  (figure  13)  that  a  massive  dose  of  ionizing  radiations 
was  received. 

In  the  pharynx  the  epithelial  cells  have  become  remarkably  swollen, 

v 

vacuolated  and  gragmented,  as  have  their  nuclei.  Much  of  the  epithelium 
has  become  desquamated.  The  connective  tissues  are  tremendously  edematous 
and  there  is  wide  lymphectasia.  Scattered  plasma  cells  and  large  mono¬ 
nuclear  cells  occur  in  the  areolar  tissue.  The  lymphoid  tissue  has  become 
remarkable  atrophic  here  as  elsewhere. 

In  the  tongue  the  eiithelium  consists  of  tremendously  swollen,  bizarre, 
epithelial  cells,  with  no  definite  cell  boundaries.  The  nuclei  of  many 
have  become  multi-lobed  and  within  each  lobe  there  is  a  prominent  nucleolus. 
Micronuclei  are  present  in  some  large  cells.  The  cell  boundaries  are  no 
longer  distinct.  Some  cells,  however,  have  become  separated  from  their 
neighbors  and  appear  as  refractile  homogeneous  acidophilic  masses.  Thick 
layers  of  parakeratotic  material  are  present  on  the  surface.  In  the  con¬ 
nective  tissue  underlying  the  epithelium  there  are  dilated  lymphatics  and 
small  closely  crowded  spindle  shaped  fibroblasts. 

The  epithelial  cells  lining  the  crypts  of  the  tonsils  show  changes 
similar  to  those  seen  in  the  pharynx.  Here  also  are  vesicular  nuclei  con¬ 
taining  multiple  knots  of  chromatin.  There  is  remarkable  alteration  of  the 
lymphoid  tissue  which  is  represented  largely  by  compacted,  spindle-shaped 
elements  of  the  reticulum,  upon  which  are  suspended  only  a  very  few  mature 
lymphocytes.  The  tonsillar  substance  has  not  become  necrotic. 

There  are  remarkable  changes  in  the  esophagus.  The  squamous  epithelium 
at  the  surface  in  many  places  has  been  replaced  by  a  purple  staining  ‘dull 
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necrotic  material.  Only  the  swollen  remains  of  a  few  squamous  cells  can 
still  be  distinguished.  In  the  immediately  underlying  tissue  there  is 
edema,  but  no  leukocytic  infiltration.  The  edema  extends  among  the  bundles 
of  striated  muscle  at  the  upper  end  of  the  organ. 

Discussion:  These  changes  in  the  tissues  of  Key  No,  98  undoubtedly  re¬ 
present  radiation  effects.  They  are  analogous  to  the  changes  in  the  intes¬ 
tine  demonstrated  in'  figures  15  -  17.  In  this  case,  however,  there  were  no 
atypical  epithelial  cells  or  mitoses  in  the  stomach,  which  represents  the 
only  portion  of  the  gastrointestinal  tract  available  in  histologic  prepa¬ 
rations  . 

Unfortunately,  skin  unaltered  by  thermal  burns  is  not  available  from 
this  case  nor  from  others  with  similar  exposure  in  Group  I.  In  Group  II 
one  portion  of  skin  near  an  ulcerative  lesion  is  atypical,  but  the  changes 
are  not  the  same  as  those  described  here  (see  figures  134  a,"  b,  and  c,). 

The  findings  represent  the  effect  of  deeply  penetrating  radiations. 

In  sections  of  the  tonsils  from  another  case,  subgroup  112,  Key  No.  4» 
dying  on  the  6th  day,  there  is  no  necrosis  nor  are  there  -  epithelial  changes 
of  the  type  just  described/  As  in/other  lymphoid  tissues  of  Key  No.  4>  how¬ 
ever,  there  is  atrophy  and  ^atypical  large  mononuclear  cells  are  numerous . 
Necrosis  has  not  occurred.  /-  ’  .  -  .  • 

;  ii-  •  ;:£  •  :-h  group  i  -  ' ...  i,-.- -  .  '  ■ 

Skin  :  - 

General  Remarks  :  ;  - " 

The.  material  available,-  consist s  only  of  burned  skin;  there  is  none 
that  has  been  subjected  to  the  action  of  gamma  rays  alone. 
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Examination  of  slightly  burned  skin  shows  that  depigmentation  is 
not  necessarily  associated  with  destruction  of  the  epithelium.  At  the 
margins  of  such  lesions  there  is  hyperpigmentation  of  the  basal  layers. 

The  tissue  response  to  the  burns  in  most  cases  is  aplastic. 

Subgroup  lilt  (Within  1500  meters;  no  burns). 

In  a  section  from  a  small  burned  area  from  the  skin  of  the  face,  re¬ 
markable  changes  have  occurred  (figures *28  and  29).  The  epithelium  has 
completely  sloughed.  On  the  homogeneous,  dull  pink-staining  masses  of 
cocci.  Some  of  these  occur  in  islets  as  much  as  1  mm  below  the  surface 
and  one  clump  is  present  in  a  bundle  of  smooth  muscle  (erector  pili) • 
Squamous  metaplasia  has  occurred  in  the  ducts  of  the  sweat  glands.  There 
appears  to  have  been  actual  proliferation  of  the  cells,  many  of  which  are 
large  and  irregular  with  tremendous  vesicular  nuclei.  The  acini  of  the 
sweat  glands  themselves  show  remarkable  shrinkage  of'  the  epithelium  and 
irregular  thickening  and  compaction  of  the  basement  membrane,  in  some 
cases  with  partial  collapse  of  the  acinus  (figure  29).  Nowhere  is  there 
a  leukocytic  infiltration  in  the  vicinity  of  the  bacterial  masses.  In 
one  small  portion  of  the  surface  a  very  thin  layer  of  squamous  eipthelial 
cells  remains.  These  cells  are  greatly  swollen,  some  are  multinucleated, 
and  in,  some  instances  the  vesicular  nuclei  contain  very  prominent  chroma¬ 
tin  knots.  The  loose  tissue  at  a  distance  from  the  surface  in  some  places 
contains  increased  numbers  of  large  cells  which  are  round  or  stellate  and 
which  in  some,  places  are  surrounded  by  fibrin  or  myxomatous  material. 

They  are  thought  to  be  histiocytes  or  fibroblasts.  Some  of  these  elements 
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are  present  deep  within  the  subcutaneous  tissue.  These  changes  are 
ascribed  to  thermal  effect  but  what  direct  role,  radiation  played  is  diffi¬ 
cult  to  assess.  The  evidence  of  indirect  effect  of  the  ionizing  radiations 
is  the  total  absence  of  leukocytic  response  to  the  injury  and  to  the  bac¬ 
teria  that  are  seen  in  the  section. 

Subgroup  112:  (Within  1500  meters;  burns). 

Skin:  In  a  section  from  another  case  with  large  burns' (Key  3>  died 
5th  day,  figure  30),  the  myxomatous,  purple  staining  material  among  the 
collagenous  fibres  of  the  deeper  layers  of  corium  is  remarkable,  as  are  the 
large  basophilic  cells  within  it.  Some  have  the  granules  of  mast  cells. 

The  tissue  response  appears  to  be  largely  monocytic.  One  vessel  is  found 
to  have  a  necrotic  wall  and  a  lumen  filled  with  a  thrombus  consisting 
largely  of  fibrin  (figure  31). 

Where  the  burns  are  more  superficial  and  there  has  been  less  destruc¬ 
tion  of  skin,  the  changes  are  striking  not  only  in  the  fact  of  the  minimal 
leukocytic  response  but  also  in  the  nature  of  the  pigmentation  (Key  U,  died 
6th  day,  figure  32  -  34).  In  that  portion  of  the  skin  which  has  been^more 
severely  burned,  the  epithelium  at  the  surface  is  necrotic.,  and  contains 
pyknotic  nuclear  remnants,  perhaps  of  polymorphonuclear  cells  and  large 
mononuclear  phagocytes.  Very  few  leukocytes  are  present  in  the  adjacent 
corium  and  the  deeper  ..lying  perivascular  .tissue.  At  the  margins  of  the 
denuded  area  there  is  a  large  zone  of  depigmentation,  vacuolation  and 
disarray  of  the  squamous  epithelial  cells.  Farther  away,  the  epithelium  is 
relatively  well-preserved  and  its  basal  layers  have  become  hyperpigmented. 
More  laterally  still,  there  is  a  much  less  pigmented  zone  but  there  is 
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again  evidence  of  a  more  deeply  penetrating  burn.  The  zone  of  hyper¬ 
pigmentation  corresponds  to  that  seen  grossly  in  many  clinical  cases  (see 
Section  5) .  In  this  particular  case,  however,  there  has  also  occurred 
some  injury  peripherally  of  this  zone  which  precludes  complete  interpre¬ 
tation  of  the  gross  appearance.  These  observations  indicate  that  complete 
destruction  of  epithelium  is  unnecessary  for  depigmentation  to  occur. 

Even  when  a  polymorphonuclear  exudate  is  present,  as  in  two  patients 
whose  marrow  was  hyperplastic,  the  response  is  not  as  vigorous  as  would  be 
expected  in  normal  individuals.  This  suggests  a  relative  insufficiency  of 
the  marrow  despite  the  hyperplastic  appearance, 

TABLE  llu  Hiroshima 
GROUP  I 

Skin 

(Burns) 


Observations  111  112 


Specimens  Available 

(Microscopic)  ■  '  ■  -  1  6 
Aplastic  Tissue  Response  Ij. 
PMN  in  exudate  ;  ■  ~  2 


122 


GROUP  II 


(Patients  dying  during  3d,  4th,  5th  and  6th  weeks) 

General  Remarks:  In  this  group  changes  characteristic  of  radiation  such 
as  epilation,  testicular  atrophy  and  particularly  the  effects  of  damage  to 
the  bone  marrow,  despite  attempts  of  this  tissue  to  regenerate,  are  at 
the  acme.  The  pathology  is  largely  that  of  aplastic  anemia.  Petochiae 
are  present  in  almost  all  patients,  often  together  with  necrotizing  gin¬ 
givitis  and  pharyngitis,  ill  surfaces  to  which  bacteria  may  have  access  - 
skin,  mouth,  pharynx,  bronchi  and  lungs,  and  the  gastrointestinal  tract  - 
become  the  seat  of  foci  of  necrosis  accompanied  by  hemorrhage,  but  with 
plasma  cell  or  mononuclear  leukocytic  response,  if  any.  This  in  large 
measure  is  the  result  of  leukopenia  and  thrombocytopenia.  When  bacteria 
gain  access  to  the  tissues  they  produce  necrosis  which  does  not  spare 
the  blood  vessels;  consequently  hemorrhage  is  further  increased.  Hemor¬ 
rhages,  however,  occur  apart  from  evident  infection  in  such  organs  as 
the  kidney. 

The  clinical  observations  in  the  group  of  patients  from  Hiroshima 
are  summarized  in  table  15  a  and  b.  Here  all  three  survival  groups  are 
compared.  . The  high  incidence  of  hemorrhagic,  and  necrotizing  lesions  in 
Group  II  is  obvious.  These:  observations  are  epitomized  in  table  1  of  the 

'  ■  •  :  j  : 

summary  of  this  section.  - 

In  Group  II  the  minor  variations  induced  by  differences  in  exposure 
receive  little  discussion  in  the  text,  but  are  summarized  in  the  tables. 
The  severe  burn  cases  died  chiefly' during  the  first  two  weeks  following 
the  bombing. 
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HIROSHIMA 


Tabl©  15b 


Patients  coming  to  Hecropay 


Clinical  Data 


Croup  I 

Group  XI 

Group  IX I 

m 

112 

122 

211 

212 

222 

311 

312 

321 

322 

Bpiatealo 

6 

3 

1 

P.actal  Hemorrhoge 

1 

■ 

Vaginal  Hemorrhage 

2 

Heraoptyaio 

k 

1 

Paver 
(Mast mum) 

To  39°0 

1 

To  40°C 

1 

1 

21 

3 

1 

»»o°c 

2 

6 

1 

2 

Temp# 

Unstated 

2 

2 

17 

1 

WDC 

(Lowest 

recorded 

count) 

o«  500 

20 

1 

501-1000 

6 
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GROUP  II 


Heart 

Epicardial  hemorrhages  are  usually  present  (figure  35)  and  occa¬ 
sionally  there  are  hemorrhages  beneath  the  endocardium  which  may  occur  in 
the  neighborhood  of  the  conduction  bundle  (figure  36).  Fluid  blood  which 
does  not  clot  upon  standing  is  frequently  found  in  the  chambers  of  the 
heart.  Perivascular  hemorrhages  in  the  muscular  layer  are°  occasionally 
present  and  there  is  sometimes  edema  of  the  perivascular  connective  tissue, 
as  observed  in  the  specimens  from  the  earlier  deaths.  In  five  instances, 
there  is  seen  immediately  beneath  the  endothelial  tissues  lining  the  cham¬ 
bers  an  exudate  of  plasma  cells  sometimes  mingled  with  or  predominately 
composed  of  small  and  large  mononuclear  cells.  These  may  also  be  present 
in  the  myocardium,  as  shown  in  figure  37*  In  two  cases  there  is  evidence 
of  previous  ^rheumatic”  disease. 

GROUP  II 
Lungs 

General  Remarks:  The  characteristic  lesion  in  Group  II  is  tha.t  of  focal 
necrosis  of  the  lungs,  centered  upon  minute  bronchioles.  These  lining  mem¬ 
branes  themselves  have  become  necrotic  and  there  are  surrounding  brilliant 
red  zones  of  hemorrhage.  There  are  usually  almost  no  leukocytes  in' these 
lesions.  • 

Subgroup  211:  •  .. 

Generally,  the  parenchyma  is  translucent  and  edematous  and  the  septa 
are  thickened  and  gelatinous  as  shown  in  figure  38.  In  some  instances 
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TABLE  16.  Hiroshima 


GROUP  n 
Heart 


Observations 

211 

212 

222 

Specimens  Available 

(Gross) 

55 

5 

2 

(Microscopic) 

49 

5 

2 

Epi cardial  Hemorrhages* 

33 

3 

Endocardial  Hemorrhages* 

6 

Fluid  Blood  in  Chambers* 

8 

2 

Perivascular  Edema 

4 

Perivascular  Hemorrhages 

of  Myocardium  • 

7 

Focal  Necrosis  of  Myocardium 

1 

1 

Plasma  or  Mononuclear  Cell 

* 

Infiltration  of  Myocardium 

1 

1 

*  , 

Thrombus  in  venule 

1 

Plasma  or  Mononuclear  cell 
Infiltration  of  endocardium' 

7 

1 

Additional  Diagnoses 

Chronic  Verrucous  Endocarditis 

2 

*Gross  diagnosis 
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dull  yellow,  gray  or  gray-green  foci  of  necrosis  predominate  (figures 
39  -  40)  but  in  others,  hemorrhage  may  be  the  outstanding  feature  (figures 
41,  42,  43).  But  in  each  case  a  minute  focus  of  necrosis  is  visible  upon 
gross  inspection  near  the  center  of  the  lesion.  Even  tuberculous  lesions 
may  be  surrounded  by  massive  hemorrhage  at  this  stage  (figure  44)  so  that 
vigilance  is  necessary  in  gross  interpretation.  The  pleura  is  usually 
the  seat  of  hemorrhagic  extravasation.  The  following  description  of  (Key 
No.  21,  figure  45,  Also,  see  figure  46)  applies  to  most  of  these  cases: 
There  is  a  striking  degree  of  edema  of  the  pleura  and  peribronchial 
and  perivascular  tissues.  The  parenchyma  shows  large  foci  of  ne¬ 
crosis  which  are  situated  about  the  bronchioles,  whose  lumina  are 
filled  with  a  finely  granular,  pink  staining  material  containing 
large  clumps  of  bacteria  which  have  coccal  form  and  which  take  the 
hematoxylin  stain.  The  lining  membrane  of  these  bronchioles  has 
become  completely  necrotic  and  only  a  portion  of  the  basement  mem¬ 
brane  is  still  recognizable.  In  the  vicinity  of  these  bronchioles 
the  shadowy  remnants  of  alveolar  walls  can  be  seen  but  in  some 
places  even  these  are. not  visible.  The  alveoli  are  filled  with 
fibrin  enclosing  numerous  erythrocytes  but  no  polymorphonuclear 
leukocytes  are  found.  Occasional  large  mononuclear  elements  with 
phagocytized,  finely  granular  brown  pigment  are  scattered  throughout 
the  tissue. 

In  some  cases  the  alveoli  contain  relatively  few  erythrocytes 
but  relatively  more  amorphous  acidophilic  substance,  and  fibrin  is 
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a  prominent  feature  (figure  1±7) •  Large  blood  vessels  at  the  level 
of  section  are  not  obstructed  by  thrombi.  In  some  cases  the  lesion 
has  a  focal  distribution  so  that  certain  bronchioles  are  lined  by 
perfectly  preserved  epithelial  membrane.  Occasionally  a  few  poly¬ 
morphonuclear  leukocytes  are  present  (figures  U8  and  U9). 

In  several  instances,  the  walls  of  minute  vessels  were  found  to 
be  involved  in  necrosis  of  the  adjacent  tissues  (figure  U9).  This  may 
be  a  source  of  bacteremia. 

In  the  few  instances  where  there  is  a  heavy  polymorphonuclear 
exudate  in  the  lungs,  the  bone  marrow  is  found  not  to  be  hypoplastic. 

GROUP  II 
Spleen 

General  Remarks:  Usually  the  malphighian  corpuscles  show  various  degrees 

ij 

of  atrophy  which  is  sometimes  extreme,  occasionally  with  all  of  the  features 
manifest  in  Group  I  as  late  as  the  18th  day  after  the  bombing  (figures  50  and 
5l).  Atypical  large  mononuclear  cells  are  frequently  seen.  In  some,  how¬ 
ever,  there  are  early  evidences  of  regeneration  (figures  52  -  56).  The  re¬ 
generation  is  of  a  remarkable  type  and  appears  to  be  associated  with  a  con¬ 
densation  of  syncytial  spindle-shaped  reticulum  cells  upon  the  recently  al¬ 
most  naked  central  artericles  of  the  malpighian  corpuscles.  Occasional 
mitoses  are  found  among  these  reticulum  cells.  Small  lymphocytes  are  seen 
in  close  association  with  them  and  perhaps  are  derived  from  them.  They  ap¬ 
pear  both  between  the  syncytium  and  central  arterioles  but  also  in  a  halo 
externally  of  the  former.  In  some  instances,  among  the  central  groups  of 
lymphocytes  there  are  tiny  knots  of  large  cells  with  more  abundant  cytoplasm 
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TABLE  17.  Hiroshima 


GROUP  II 
Lungs 


Observations 

211 

212 

222 

Specimens  Available 

57 

5 

2 

Focal  atelectasis  and 
emphysema 

1 

1 

Edema  of  interstitial 
tissue  only 

1 

Edema  fluid  of  alveoli 

1 

• 

Focal  parenchymal  hemor¬ 
rhages  and  edema 

11a 

1 

Focal  aplastic  pneumonia 

32 

l 

Focal  necrotizing  pneumonia 
with  polymorphohuclears 

3 

2 

Focal  tuberculous  pneumonia 

1 

Fibrinous  pleurisy 

h 

1 

Fibrinopurulent  pleurisy 

1 

Hemorrhage  in  pleural  cavity 

1 

Serous  effusion 

1 

Ascaris  in  pleura 

Additional  Diagnoses 

1 

Fibrous  pleural  adhesions 

13 

1 

Healed  tuberculous  foci  ■ 

6 

V.  ■ . ■  . . 

Organizing  tuberculous  pleurisy 

1 

■  ,  ‘ ■  1 

Tuberculosis  of  hilar  lymph  nodes 

2 

2 

a.  Six  of  these  patients  had  severe 

ulcerative 

enteritis  and  five 

others  necrotizing  tonsillitis. 
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like  that  of  the  germinal. center  cells  in  typical  lymphoid  follicles. 
They  become  more  prominent  in  the  third  stage  (after  the  6th  week). 

Such  cells  resemble  those  of  the  ring  of  reticulum  at  the  periphery  but 
are  more  rounded.  They  are  particularly  well  seen  in  figure  56, 


TABLE  18 .  Hiroshima 
GROUP  II 
Spleen 


Observations 

211 

212 

222 

Specimens  available 

5l 

5  ■ 

2 

Perisplenic  adhesions 

h 

Decrease  of  lymphocytes 

U8  . 

3 

1 

Absence  of  germinal  centers 

h9 

Atypical  mononuclear  cells 

13 

2 

2 

Heavy  plasma  cell  infiltration 

.  7 

Infarct 

1 

Regeneration  with  perifollicular 
condensation  of  reticulum 

8 

GROUP  II 


•'  Lymph  Nodes  . 

General  Remarks.:’  The  typical  features  of  the  lymph  nodes  in  this  stage 
are  disappearance  of  the  small  lymphocytes  and  germinal  centers  and  diffuse 
infiltration  of  the  node  by  atypical  large  mononuclear  or  plasmacytoid  ele¬ 
ments.  In  two  instances,  the  nodes  are  greatly  enlarged  on  account  of  the 
large  numbers  of  these  cellsj  usually  the  nodes  are  small  or  of  the  usual  size. 


-58- (8) 


58 


Germinal  centers  are  only  rarely  preserved  in  the  nodes .  Usually 
there  is  disappearance  not  only  of  the  germinal  centers  but  also  of  the 
typical  small  lymphocytes.  The  bare  reticular  skeleton  found  in  some  of  the 
earlier  cases  only  rarely  persists  as  such  as  late  as  the  3rd  week  (fig¬ 
ure  58);  usually  there  are  many  atypical  large  cells,  some  resembling  lym¬ 
phoblasts,  (figures  5 9  and  60),  some  with  plasmacytoid  characteristics  arid 
others  representing  very  bizarre  polymorphous  derivatives  of  the  reticulum, 
(figures  6l  and  62)  occasionally  with  the  morphology  of  Reed-Sternberg  cells. 
The  last  mentioned  are  well  seen  in  Key  No.  28  (figure  63).  In  the  Giemsa 
stains,  the  cytoplasm  of  these  cells  is  deeply  basophilic.  There  is  no  rem¬ 
nant  of  typical  lymphoid  tissue  in  the  node.  In  some  places  the  reticulum, 
cells  have  proliferated  and  there  are  elements  intermediate  between  bizarre 
mononuclear  cells  with  folded  nuclei  and  the  elements  of  the  reticulum. 

Plasma  cells  of  all  sizes  also  are  present.  In  the  Fiemsa-stained  pre¬ 
paration  numerous  typical  eosinophiles  and  many  large  basophilic  elements 
with  irregular  granules  are  present.  These  correspond  to  mast  cells. 

Spindle  shaped  elements  resembling  the  more  typical  rounded  mast  cells  are 
also  found. 

GROUP  II  •  .  ' 

.  Rone  Marrow 

General  Remarks:  The  tissue  available  is!  unique  since  relatively . little  is 
known  concerning  the  effects,  of  single  massive  doses  of  ionizing  radiations 
to  the  whole  body  upon  the  bone  marrow  in  man.  The  remarkable  regenerative 
capacity  of  the  marrow  following  such  an  exposure  is  apparent  in  this  material. 
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TABLE  19.  Hiroshima 
GE0UP  II 
Lymph  Nodes 


Observations 

211 

212 

222 

Specimens  Available 

39 

2 

1 

Marked  enlargement  of  nodes 

2* 

2 

1 

Decrease  of  Lymphocytes 

,  36 

Large  Nodes  composed  of  typical 
lymphocytes ,  but.  without  germinal 
centers 

1 

Absence  of  germinal  centers 

36 

Germinal  centers  present 

2 

Atypical  mononuclear  cells 

25 

1 

1 

Additional  Observations 

Tuberculosis 

2 

Bacterial  masses  in  node,  with 
necrosis 

2 

*Key  Numbers  22  and  23. 

There  is  evidence  of  direct  transformation  of  reticulum  into  myelocytes 
with  elision  of  the  basophilic  .blast  stage,  and  into  plasma  cells  or 
lymphocytes,  as  described -by.  Kohry*'  Details  of  the  structure  of 
depleted  "gelatinous"  marrow  are  well  shown  as  are • the  earliest  stages 
of  regeneration  within  this  tissue.  '  - 

*Rohr,  K.  Das  menschliche  Knochenmark;  seine  Anatomie ?  Phybiologie  und 
Pathologie  nach  Ergebnissen  der  intravitalen  Sternalpunktion.  286  pp. 
Berlin,  G.  Thieme,  1940. 
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Grouping  of  the  Material;  In  patients  dying  between  the  l£th  and  UOth 
days  after  the  bombing  there  is  increasing  evidence  of  the  capacity  of  the 
marrow  to  regenerate  despite  the  extreme  depths  of  hypoplasia  to  which  it 
may  fall.  There  is  proliferative  activity  on  the  part  of  the  reticulum 
cells  which  appear  to  differentiate  into  plasmacytoid-  and  lymphocytoid  ele¬ 
ments  as  well  as  into  blast  cells  or  myelocytes.  In  many  of  the  marrows  of 
this  group,  the  differentiation,  if  any,  is  predominantly  in  the  first  two 
directions.  These  marrows  may  be  grouped  according  to  the  degree  and  type 
of  regeneration  as  follows: 

A.  Marrows  showing  marked  hypoplasia. 

B.  Marrows  showing  marked  focal  reticulum  hyperplasia. 

C.  Marrows  showing  focal  myeloid  regeneration. 

D.  Marrows  showing  marked  myeloid  hyperplasia. 

These  groups  will  now  be  discussed  in  turn: 

Type  A.  Some  marrows  still  retain  the  almost  totally  aplastic  character 
exhibited  in  the  first  stage,  with  only  minimal  evidence  of  the  prolifer¬ 
ation  of  reticulum  and  of  the  formation  of  varying  numbers  of  plasma¬ 
cytoid  and  lymphoid  cells.  This  process  is  observed  even  in  the  ribs,  stern¬ 
um  and  vertebrae  (figures  6li  and  69) .  In  some  instances  the  reticulum  begins 
to  form  thin  septa  of  proliferated  tissue  among  the  fat  cells.  There  is  some 
evidence  of  differentiation  into  plasma  cells  and  lymphocytes,  or  rarely  and 
to  a  very  slight  extent,  into  myeloid  elements.  Some  of  the  reticulum  cells 
tend  to  round  up  and  to  become  divorced  from  their  fellows  while  the  nuclear 
membrane  becomes  thicker  and  knots  of  chromatin  become  more  prominent  in 
some  of  the  larger  cells.  The  chromatin  tends  to  clump  at  the  periphery 
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and  all  transitional  stages  can  be  demonstrated  between  such  elements  and  the 
typical  ovoid  plasma  cells  on  the  one  hand  and  the  reticulum  cells  on  the 
other,  (figure  68).  In  most  of  the  aplastic  cases  the  megakaryocytes  have 
almost  completely  disappeared  or  they  may  be  represented  by  small  stellate 
elements  with  very  vesicular  nuclei  and  acidophilic  cytoplasm  about  which 
fibrin  tends  to  be  deposited.  Islets  of  erythropoiesis,  however,  often 
persist  despite  extreme  atrophy  of  the  remainder  of  the  tissue  (figure  69) . 

In  some  instances,  even  they  have  all  but  disappeared  (figure  5>1).  Clini¬ 
cally,  these  patients  all  have  a  profound  leukopenia  and  a  moderate  or 
severe  anemia  (see  table  15b). 

Type  B.  In  another  type,  which  differs  only  quantitatively  from  that 
just  described,  there  is  a  striking  focal  hyperplasia  of  the  reticulum  and 
plasma  cells  and  lymphocytes  may  also  be  prominent  in  the  cellular  populat¬ 
ion.  There  may  also  be  the  earliest  evidence  of  differentiation  into  mye¬ 
loid  cells.  In  part  the  marrow  is  hypoplastic  but  elsewhere,  particularly 
near  the  trabeculae  of  bone,  there  has  occurred  tremendous  proliferation  of 
large  stellate  cells,  whose  nuclei  vary  somewhat  in  morphology  (figures  71- 
7U  and  76-79) .  Many  are  large  and  ovoid  in  shape,  with  thin  nuclear  mem¬ 
branes  and  delicately  reticular  chromatin.  Others  have  somewhat  thicker 
nuclear  membranes  and  more  prominent  knots  of  chromatin.  Despite  the  ste¬ 
llate  shape  of  the  associated  cytoplasm  these  resemble  the  nuclei  of  plasma 
cells  arid  there  are  also  rounded  large  cells  whose  .general  morphology  is 
plasma cytoid  and  some  that  resemble  lymphocytes  more  than  plasma  cells, 
(figures  73  -  77).  A  few  cells  with  scanty  basophilic  cytoplasm,  thick 
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nuclear  membranes  and  prominent  nucleoli  also  are  present  which  are 
thought  to  be  blast  cells  (figures  7U  and  79).  They  are  relatively  few. 

In  Giemsa-stainad  smear  preparations  some  cells  are  found  to  contain  the 
fine  violet-staining  granules  of  undifferentiated  myelocytes.  Metamyelo¬ 
cytes  are  extremely  rare.  Evidence  for  the  origin  of  the  myelocytes 
directly  from  the  stellate  cells  of  the  reticulum  is  the  presence  of  cells 
transitional  between  the  two,  which  contain  very  few  granules  (figure  75). 
The  basophilic  blast  cells  are  rare.  There  are  a  few  mast  cells  with 
prominent  basophilic  granules  closely  resembling  those  of  the  lymph  nodes 
of  this  case.  A  few  small  islands  of  erythropoietic  tissue  also  are  found 
during  the  examination  of  this  section  (figure  61+) .  There  are  also  some 
large  and  small  cells  with  complexly  folded  nuclei  (figure  63).  Many  of 
these  have  the  morphology  of  megakaryocytes,  but  some  of  the  smaller  are 
intermediate  in  appearance  between  these  and  reticulum  cells . 

Bacteria  are  found  in  two  cases,  streptocci  in  one  (figure  82)  and 
thin  elongated  bacilli  in  the  other  (figures  83  and  8U).  In  the  latter 
there  is  necrosis  of  the  tissue.  There  is  no  leukocytic  infiltration  in 
either  instance.  This  tissue  was  well  fixed  shortly  after  death.  These 
cases  demonstrate  the  occurrence  of  bacteremia^  which  probably  was  common 
terminally  in  association  with  the  leukopenia. 

To  some,  the  tremendous  focal  hyperplasia  of  reticulum  cells  that  may 
occur  has  suggested  the  appearance  of  Mreticulo-endotheliosis,,  or  leukemia. 
In  that  instance,  involvement  of  the  lymph  nodes  or  other  tissues  rich  in 
reticulum  cells  would  be  expected.  In  all  cases  where  "Type  BH  marrow  was 
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encountered,  however,  the  Kupffer  cells  of  the  liver  showed  little  else 
than  a  moderate  degree 'of  erythrophagia  and  hemosiderosis  and  there  was 
no  unusual  proliferation  of  these  or  similar  cells.  In  one  case,  Key  22, 
some  cf  the  nodes  were  markedly  enlarged  and  contained  numerous  atypical 
large  mononuclear  and  reticular  cells.  These,  however,  did  not  differ 
from  the  similar  cells  of  the  spleens  and  nodes  of  many  other  patients  in 
whom  the  bone  marrow  was  notably  hypoplastic.  Unfortunately  no  leukocyte 
counts  are  available  in  Key  22  but  there  appears  to  be  differentiation  of 
the  reticulum  into  myeloid  tissue,  despite  elision  of  the  blast  stage.  It 
seems  preferable  to  regard  this  reticulum  merely  as  hyperplastic  tissue, 
little  differentiated,  but  without  obvious  neoplastic  properties. 

A  single  case  of  leukemia  of  monocytic  type  occurred  among  the  li|,000 
odd  cases  seen  in  the  two  cities.  This  case  is  presented  in  Group  III, 

Page  107,  Appendix  1,  (Section  8). 

Type  C.  In  a  third  type,  definitely  myeloid  tissue  comes  to  predomi¬ 
nate  in  small  foci  where  regeneration  is  in  progress.  Here  there  may  still 
be  evidence  of  proliferated  reticulum  and  excessive  numbers  of  plasma  cells 
and  lymphocytes  are 'still  present.  Myeloid  hyperplasia  in  this  instance  is 
focal.  Megakaryocytes  appear  in  increasing  numbers.  There  is  no  sharp 
transition  between  the:  marrows  of  this  type  and  of  Type  A  and  B. 

Occasionally,  in  the  Nagasaki  series,  eosinophiles,  mature  and  imma-  - 
ture,  are  prominent  in  marrows  .of  this  type,  particularly  .in  Group  III 
(Patients  dying  after  the  sixth  week).  .. 

Type  D.  .In  the  fourth 'type,  seen  rarely  at  this  stage,  the  hyperpla¬ 
sia  is  extreme  and  the  fat  cells  are  hardly  visible  amid  the  mass  of 
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ngrelocytes,  and  in  some  instances  metamyelocytes.  The  cytology  of 
this  marrow  does  not  differ  essentially  from  that  of  Type  C,  except  for 
predominance  of  the  more  mature  cells. 

The  last  two  types  become  predominant  after  the  sixth  week  (see  dis¬ 
cussion  of  bone  marrow  in  Group  III),  where  illustrations  will  be  found. 
Comparison  of  Tissue  from  Various  Bones?  Cell  counts  of  bone  marrow 
smears  made  at  autopsy  are  summarized  in  table  20,  and  in  the  chart  (figure  8Ua) 
They  are  grouped  according  to  classification  of  histologic  specimens. 

Thus,  by  reading  the  chart  horizontally,  the  cytology  of  the  various  bones 
in  a  particular  case  can  readily  be  compared.  The  columns  read  vertically 
show  variations  in  the  counts  for  any  particular  bone  from  case  to  case. 

A  common  feature  is  the  great  increase  in  the  reticular  and  lymphoid 
tissue,  largely  at  the  expense  of  the  myeloid.  The  erythroid  tissue  also 
has  suffered  decrease  but  the  reduction  is  less  in  comparison*  with  normal 
values . 

The  femur  takes  part  in  the  regenerative  process  along  with  the  flat 
bones  and  in  some  instances  hyperplasia,  reticular,  or  other,  in  the  femur 
is  extreme.  Usually: the  smears  from  the  flat  bones  conform  to  the  his¬ 
tological  structure  of  the  long  bones;  in  a  few  instances  there  is  relative¬ 
ly  more  myeloid  tissue  in  the  former.-  Smears  even  from  long  bones,  however, 
show  the  same  contrast  with  fixed  tissue,  probably  because  the  free  cells 
are  more  readily  yielded  to  the  glass  than  the  reticulum. 

Of  all  flat  bones  the  sternum  shown  the  earliest' regeneration  and 
the  greatest  cellularity  but  occasionally  even  the  femur  exceeds  the 
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TAHJ S  20.  Eiroshusa 
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sternum  (Key  43,  figure  34a). 

In  drawing  conclusions  from  this  material,  both  in  histological  and 
smear  preparations,  it  must  be  remembered  that  one  is  dealing  with  very 
small,  possibly  unrepresentative,  portions  of  the  entire  vast  body  of  the 
marrow. 

Relation  of  Leukocyte  Counts  to  the  Histological  Structure  of  the  Marrow: 
Reference  to  Table  15b  will  show  that  in  all  but  one  of  the  39  patients 
in  Group  II  on  whom  leukocyte  counts  have  been  recorded,  the  count  had  been 
2500  or  less  at  some  time  before  death  and  in  most  of  these  patients  it  was 
below  1000.  This  leukopenia  has  no  relation  to  the  type  of  marrow  found  at 
necropsy. 

Maturation  defects:  In  certain  instances,  there  is  striking  evidence  of 
maturation  defect,  for  despite  diffuse  myeloid  hyperplasia,  peripheral  counts 
may  remain  remarkably  low.  The  history  of  Key  No.  108  is  detailed  as  an 
example: 

This  29-year-old  man  was  at  distance  of  0.7  km,  in  Zone  1,  near 
segment  4.  He  was  outdoors  a  few  paces  from  a  concrete  building. 

He  was  struck  by  a  falling  roof  which  inflicted  slight  injuries  of  the 
head  and  neck.  There  was  nausea  on  6  August  and  on  the  same  day  he 
vomited  between  20  and  - 30  times.  Malaise  began  on  6  August  and  last- 

V . 

ed  until  the  10th,  accompanied  by  anorexia.  He  again  experienced 
malaise  beginning  with  21  August  until  time  of  death.  Anorexia  ap¬ 
peared  4  days  after  the  second  onset  of  malaise.  There  was  epilation 
and  gingivitis  on  21- August,  which  persisted.  The  gingivae  began  to 
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bleed  on  30  August.  On  the  25th  there  began  purpuric  manifesta- 

s 

tions  and  there  was  evidence  of  tonsillitis  the  same  day.  Both  of 
these  symptons  lasted  until  death  on  1  September.  There- was  high 
degree  of  fever  between  2h  August  and  time  of  death  and  there  was 
cough  and  sputum  beginning  on  the  25th,  with  a  hemoptysis  on  30  August. 


LABORATORY  DATA: 

RBC 

Hgb 

WBC 

2k  August 

3.95 

78 

370 

26  August 

5.6U 

80 

U5o 

29  August 

It. 19 

65 

200 

30  August 

220 

The  urine  examined  on  29  August,  was  positive  for  albumin  and  negative 
for  sugar.  No  statement  is  made  concerning  sediment. 

Sections  of.  marrow  in  this  patient,  derived  apparently  from  a  cavity  of  a 
long  bone,  are  of  Type  D,  showing  vascular  adipose  tissue  crowded  by  very 
large  numbers  of  young  myelocytes.  Mature  polymorphonuclear  leukocytes 
and  even  stab  cells  are  rare.  There  is  an  occasional  megakaryocyte.  Oc¬ 
casional  cells  are  found  in  mitosis.  A  few  small  cells  of  shrunken  nuclei 
thought  to  be  normoblasts  also  are  found.  Other  important  lesions  at  nec¬ 
ropsy  were  petechiae  of  skin,  epilation  of  scalp,  focal  necrosis  of  pharynx, 
tongue,  tonsils  and  larynx,  necrotising  gingivitis,  an  abscess  in  the  region 
of  the  right  mandibular  joint,  necrotizing  and  hemorrhagic  aplastic  pneumonia 
minute  hemorrhages . of  gastrointestinal  tract,  trachea  and  renal  pelvis. 

Rising  Counts:.  Occasionally,  however,  patients  who  had  had  a  profound  leu- 
kopenia  manifested  a  .rise  in  counts  to  approximately  5000,  before  death. 
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This  is  demonstrated  in  Key  No,  86,  (subgroup  211).  At  the  time  of  the  bomb¬ 
ing,  the  patient,  an  18-year-old  girl,. was  at  home  in  bed  at  Kawaramachi, 
situated  in  Zone  1  near  7  of  the  Joint  Commission  Map,  approximately  800 
meters  from  the  hypocenter.  She  was  injured  by  glass  fragments  which 
entered  both  upper  extremities,  the  left  submaxillary  region,  the  back  and 
the  left  knee  joint.  She  became  unconscious  at  the  time.  Since  then  the 
wounds  progressed  favorably.  On  20  August,  she  noted  epilation  and  suffered 
diarrhea.  Suddenly  in  the  night  of  30  August,  there  was  high  fever,  accom¬ 
panied  by  severe  sore  throat.  She  was  admitted  to  Iwakuni  Naval  Hospital 
on  31  August  1945.  On  this  date  the  WBC  numbered  960  per  cram,  on  the  next 
day  620,  then  they  fell  daily,  to  a  minimum  of  100  on  5  September  1945. 

After  that  the  count  gradually  increased  to  4^0,  1680,  3200,  4980.  Her 
general  condition,  however,  worsened  and  she  died  on  9  September. 

At  necropsy  the  bone  marrow  showed  a  moderate  focal  hyperplasia  with 
myeloid  differentiation  (Type  C) ,  The  other  findings  included  epilation 
of  scalp,  scattered  petechiae  of  the  viscera,  atrophy  of  the  lymphoid 
tissue  and  a  necrotizing  focal  pneumonia. 

The  findings  in  Key  117,  (subgroup  211.)  where  the  marrow  is  of  Type  A, 
were  similar,  the.  count  rising  from  200  on  5  September  successively  to  5900 
on  15  September,  the  day  before  the  ..patient  died. .  .  -  '  -  - 

This  rise  in  count  is  much  more  frequently  recorded  in  patients  dying 
later  (Group  III)  for  they  are  able  to  resist  the  ultimately  fatal  infect¬ 
ions  for  a  longer  time.  Obviously,  moreover,  many  patients  in  whom  the 
marrow,  after  a  period  of  depression,  became  capable  of  producing  a  leu¬ 
kocytosis  recovered  and  escaped  inclusion  in  the  autopsy  series. 
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Summary  of  Pathologic  Changes:  The  available  material  consists  of  sections 
of  tissue  from  either  a  Tong  or  flat  bone,-  in  many  instances  supplemented 
by  smears  stained  by  the  Glemsa  or  Wright-Giemsa  methods.  The  subolassifi- 
cation  is  by  the  four  types  as  presented  in  the  preceding  paragraphs. 

If  a  flat  bone  is  available,  the  case  is  classified  according  to  the 
histology  of  that  bone.  If  only  material  from  a  long  bone  is  at  hand,  the 
case  is  classified  according  to  its  histology  but  additional  information, 
derived  from  examination  of  supplementary  smears  from  the  rib,  sternum  or 
vertebra,  is  applied. 

In  some  instances,  neither  marrow  tissue  nor  smears  are  available. 

In  that  case,  foci  of  necrosis  in  the  lung,  intestine  or  skin  are  examined 
to  determine  whether  polymorphonuclear  leukocytes  are  present.  This  indirect 
classification  is  employed  with  reservation  since  even  hyperplastic  marrow 
may  deliver  remarkably  few  polymorphonuclear  cells  to  the  tissue  in  these 
cases. 

The  various  categories  are  made  mutally  exclusive,  without  overlap. 

Bone  Marrows,  GROUP  II,  General  Summary?  The  findings  may  be  summarized 
by,  type  as  follows: 

Type  A.  Most  marrows  are  extremely  hypoplastic  but  show  proliferat¬ 
ion  of  reticulum. 

T^pe  B.  In  some  there  is  a  striking  focal  hyperplasia  of  the  reti¬ 
culum. 

Type  C.  Others  manifest  focal  differentation  of  myeloid  tissue. 

Type  D.  In  some  there  is  a  very  striking  degree  of  myeloid  hyperplasia. 
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TABLE  21  Hiroshima 
GROUP  II 


Bone  Marrow 


Observations 

211 

212 

222 

Long  Bones 

Specimens  Available 

27 

2 

Type  A: 

Hypoplasia 

18 

1 

Type  B: 

Marked  focal 

Reticulum  hyperplasia 

3 

Type  C: 

Focal  myeloid  regeneration 

5 

Type  D: 

Marked  rryeloid  hyperplasia 

1 

1 

Flat  Bones 

Specimens  Available 

22 

3  * 

1 

Type  A: 

Hypoplasia 

6 

2 

1 

Type  B: 

Marked  focal 
reticulum  hyperplasia 

* 

Type  C: 

Focal  myeloid  regeneration 

10 

Type  D:  :  ;  - 

Marked  myeloid  hyperplasia 

1 

.  1  . 

No  Marrow 

Tissue  Response  aplastic 

-  5  • 

PMN  in  Tissue 

2  -  •  : 

1 
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In  all  of  these  histological  types  there  is  an  absolute  and  relative 
increase  in  reticulum  and  plasma  cells,  which  is  very  striking  particular¬ 
ly  in  the  Type  B  marrows.  In  almost  all  patients  dying  between  the  l5th 
and  l|Oth  day,  there  was  at  least  a  temporary  profound  leukipenia  clinically, 
whatever  the  histological  type  of  the  marrow  at  necropsy.  In  some  there  is 
evidence  of  a  maturation  defect. 

GROUP  II 

Gastrointestinal  Tract 

Hemorrhages  and  ulceration  occur  very  frequently  in  the  gastrointes¬ 
tinal  tract  in  patients  dying  between  the  3rd  and  7th  weeks.  The  tissue 
response  is  usually  aplastic. 

Petechiae  are  almost  constantly  present  in  the  stomach.  They  are 
most  numerous  on  the  side  of  the  Magenstrasse  but  oeGur  also  in  the  re¬ 
mainder  of  the  mucous  membrane  (figure  8f>) .  The  necrotizing  lesions  are 
usually  surrounded  by  small  and  large  extravasations  of  blood.  Ulcerative 
lesions  are  most  frequent  in  the  large  intestine  but  they  may  occur  anywhere 
in  the  gastrointestinal  tract.  At  times  the  necrosis  is  diffuse.  A  strik¬ 
ing  example  of  this  is  found  in  Key  21  (figure  86)  where  almost  all  of  the 

mucosa  of  the  stomach  has  beoome  greatly  thickened  and  where  the  surface 

•  ■( 

has  assumed  a  dull  gray-green  lusterless  appearance  which  borders  without 
visible  transition  upon  the  typical  pale  pink  translucent  membrane'..  The 
necrotic  material  is  underlain  by  thick  edematous  and  hemorrhagic  mucosa. 
Histologically  almost  no  polymorphonuclear  cells  are  found  (figure  8?)  but 
there  are  numerous  plasma  cells  in  the  lamina  propria.  Among  these  there 
are  also  spindle-shaped  elements  whose  nucleus  resembles  that  of  the  usual 
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plasma  cells  but  whose  cytoplasm  is  an  elongated  mass  like  that  of  a  fibro¬ 
blast.  At  the  neck  of  the  glands  are  found  numerous  mitoses  of  the  epi¬ 
thelial  cells.  Most  of  these  are  in  metaphase  and  they  do  not  appear  to 

be  atypical.  At  the  very  surface  of  some  places  there  has  been  necrosis 

\ 

and  hemorrhage  and  in  some  places  the  necrosis  extends  halfway  to  the  muscu 
laris  mucosae.  Purple- staining  bacterial  masses  exist  in  the  superficial 
portions  of  the  necrotic  tissue.  No  leukocytic  barrier  delimits  the  latter 
The  submucosa  is  greatly  thickened  by  edema  and  here  are  present  very  large 
stellate  cells,  presumably  fibroblasts.  The  bundles  of  the  muscularis  are 
also  widely  separated  by  edematous  connective  tissue.  Irregular  hemorrhage 
exist  also  within  the  submucosa  and  here  near  the  muscularis  mucosae,  there 
are  scattered  lymphocytes,,  plasma  cells  and  rare  eosinophiles . 

In  the  large  intestine,  the  necrosis  may  also  be  diffuse  (figure  88) 
but  the  lesions  usually  are  discrete.  The  region  of  the  ileo-cecal  valve 
is  almost  invariably  involved  (figures  89  -  92).  There  is  usually  a  pro¬ 
jection  of  edematous  and  hemorrhagic  tissue  into  the  lumen  of  the  bowel 
rather  than  a  cavity.  The  projecting  mass  is  covered  by  an  opaque  yellow 
or . gray-green  material  and  is  surrounded  by  a  halo  of  hemorrhage.  Histolo¬ 
gically  the  tissue  response  is  usually  again  aplastic  (figure  93)  or  large¬ 
ly  of  the  plasma  cell  type  (figure  9b) . 

Only  in  h  instances  are  large  numbers  of  polymorphonuclear  cells 
found  in  the  exudate  at  the  base  of  the  ulcers  of  the  intestines.  Most 
of  these  patients  died  toward  the  middle  of  September  when  the  marrow  was 
experiencing  a  considerable  measure  of  return  of  function. 
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TABLE  22 .  Hiroshima 


GROUP  II 

Gastrointestinal  Tract 


Observations 

211 

212 

222 

Esophagus 

Specimens  Available 

(Gross) 

58 

2 

Ulcers  2 

Petechiae  2 


Chronic  ulcer  of  pylorus 
Perforation  (agonal)  of  cardia 
Scars  oi  ileum 
Absence  of  appendix 


GROUP  II 


Liver 

General  Remarks;  Contrary  to  gross  descriptions  of  the  Japanese 
pathologists,  fatty  change  is  rarely  encountered  in  this  stage.  It  is  present 
only  in  3  cases.  Necrosis  also  is  rare,  occurring  only  once  in  pericentral 
and  once  in  periportal  position.  When  present,  the  lesions  are  widely  scat¬ 
tered  throughout  the  parenchyma.  The  exudate  is  scanty,  has  itself  largely 
become  necrotic  and  consists  largely  of  plasma  cells  (figure  95) .  In  one 
instance,  some  of  the  large  intrahepatic  portal  veins  are  the  site  of  pyl¬ 
ephlebitis.  There  is  no  evidence  of  Ascaris  in  the  liver  in  this  case 
but  there  are  focal  necrotizing  lesions  of  the  intestine. 

Slight  central  congestion  is  again  frequently  observed  as  in  Group  I 
and  there  is  occasional  thickening  of  the  walls  of  the  central  veins.  Large 
nuclei  are  also  occasionally  observed  in  such  hepatic  cells  as  are  at  the 
central  ends  of  the  cords. 

GROUP  II 

Pancreas 

General  Remarks;  "No  significant  changes  are  seen  in  any  pancreas  that  was 
seen  grossly  nor  in  the  25  that  were  inspected  microscopically. 

GROUP  II 
,-r . .  Kidney 

v'  '  "  ■■  ■  . 

Perirenal  and  pelvic  hemorrhages  are  extremely  common  in  Group  II. 
Histologically  these  consist  merely  of  erythrocytes  dissecting  loose  con- 
nective  tissue  beneath  the  epithelium  and  pelvis,  without  admixture  of 
other  cells  (figure  97).  Occasionally,  the  hemorrhages  are  diffuse  (fig  96) 
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TABLE  23.  Hiroshima 


GROUP  II 

.Liver  and  Gall  Bladder 


Observations  211  212  222 


Specimens  available 

55 

k 

1 

Perihepatic  fibrous  adhesions 

3 

Subcapsular  hemorrhage 

1 

Giant  nuclei  in  pericentral  and 

hepatic  cells 

h 

Central  congestion 

2k 

2 

Edema  of  pericentral  connective 

8 

1 

tissue 

Edema  of  periportal  connective 

2 

tissue 

Focal  Fatty  changes  -  Periportal 

1 

2 

Midzonal 

1 

Irregular 

1 

Focal  Necrosis  -  Periportal 

1 

Pericentral 

1 

Pylephlebitis 

1 

"Hyaline  bodi'esH  in  cytoplasm 

1 

Gall  Bladder- 

Petechiae 

1 

Additional 

Hepatoma 

1 
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and  occasionally  the  ureter  and  bladder  are  involved. 

Glomerular  hemorrhaigsB  (figure  96)  are  demonstrated  less  frequently 
under  the  microscope  than  seem  to  be  present  grossly.  They  are  found  in 
about  10  per  cent  of  the  kidneys  of  individuals  dying  during  the  second 
stage.  Grossly  such  kidneys  have  the  flea-bitten  appearance  found  in  acute 
glomerular  nephritis.  The  nephrons  in  these  cases,  however,  merely  show 
hemorrhage  into  the  subcapsular  space  and  tubules.  There  are  no  notable 
proliferative  changes  in  the  glomeruli.  Often  a  few  minute  scars  are  found, 
within  and  about  which  plasma  cells  and  occasionally  large  mononuclear 
cells  represent  the  only  elements  of  a  cellular  exudate.  The  cells  par¬ 
ticularly  of  the  proximal  convoluted  tubules  often  show  evidence  of  cloudy 
swelling,  which  in  association  with  anemia  accounts  for  the  pale  appearance 
of  most  of  these  kidneys.  In  one  instance,  there  is  a  hemorrhagic  pyelone¬ 
phritis  associated  with  a  similar  lesion  in  the  prostate. 

The  atypical  large  mononuclear  cells  found  in  the  medullary  sinusoids 
in  kidneys  of  patients  in  Group  I  occurred  once  in  this  series  (figure  98). 

GROUP  II 

Ureters  and  Bladder 

General  Remarks ;  In  fdnc  instances*  focal  hemorrhages  are  found  beneath 
the  mucous  membrane  of  the  ureters,  Such  lesions  also  occur  in  the  blad¬ 
der  in  three  cases,  in  another  the  process  is  diffuse  (Key  No.  30,  fig  99) 
and  in  a  fifth  there  was:  diffuse  hemorrhage  associated  with  an  acute  nec¬ 
rotizing  cystitis. 
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TABLE  2h,  Hiroshima 


GROUP  II 
Kidney 


-  Observations 

211 

212 

222 

Specimens  available 

56 

5 

.Hemorrhages  of  pelvis 

33 

k 

Cloudy  swelling 

13 

1 

Glomerular  hemorrhages 

6 

Hemorrhages  in  pyramid 

1 

1 

Hemorrhagic  pyelonephritis 

1 

Scars  of  Kidney 

17 

Abscesses  (with  PMN) 

1 

Atypical  large  mononuclear  cells 
in  sinusoids 

1 

Additional 

Leiomyomata  of  pyramids 

1 

Double  pelvis  and  ureter 

1 

GROUP  II 

Prostate  and  Seminal  Vesicles 


General  Remarks:  The  hemorrhagic  pyelonephritis  of  the  patient  mentioned 
previously  is  associated  with  a  necrotizing  and  hemorrhagic  lesion  of  the 
prostate,  A  few  leukocytes  chiefly  of  the  stab  cell  type  are  present  with-- 
in  the  latter,  but  they  are  very  rare  in  the  kidney. 

The  seminal  vesicles  show  no  changes  except  that  in  one  instance  the 

■  j  '  -  '  ■  *  . 

contents  histologically  are  noted  to  be  an  acidophilic  material  containing 
almost  no  spermatozoa. 
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GROUP  II 


Testes 

In  all  36  of  the  available  testes  in  this  group  of  I46  male  patients 
there  is  atrophy.  Since  the  effect  of  inanition  is  well  known,  an 
attempt  was  made  to  determine  from  the  records  whether  or  not  the  indivi¬ 
dual  was  malnourished.  This  usually  war  recorded  in  the  gross  description 
by  the  Japanese  pathologists  or  could  be  determined,  when  severe,  by  in¬ 
specting  the  subepicardial,  subcutaneous  or  perirenal  adipose  tissue  in 
histological  sections.  Eleven  patients  were  diagnosed  as  slightly  or  se¬ 
verely  malnourished;  the  other  2$  were  in  a  good  state  of  nutrition. 

Only  in  one  case  is  there  a  notable  reduction  in  the  size  of  the  tes¬ 
tes  (figure  100).  Histologically  all  show  sloughing  of  most  or  all  of  the 
germinal  epithelium  away  from  the  basement  membrane,  which  now  is  lined  by 
a  continuous  layer  of  tall  Sertoli  cells.  Partly  necrotic  remnants  of  ger¬ 
minal  epithelium  and  its  derivatives  are  seen  in  the  lumina  of  the  tubules 
(figures  101-103).  Spermatids  and  spermatozoa  may,  however,  remain  embedd¬ 
ed  within  the  Sertoli  cells  (figure  103).  There  is  occasionally  found  near 
the  basement  membrane  or  in. the  lumen  a  large  ovoid  cell  with  a  hyperchromatie, 

•5Bs-Testes  of  patients  from  the  German  prison  camp  at  Dachau  under  study  by  _ 
Captain  E.  B.  Wert  at  the  Army  Institute  of  Pathology  show  all  of  the  changes 
described  in  this  section.  These  individuals  weighed  in  the  neighborhood  of 
80  pounds  at  the  time  of  death . 

Most  o'f  the  irradiated  patients  had  only  a  short  bout  of  high  fever  be¬ 
fore  death  so  that  this  could  hardly  be  considered  a  factor  in  the  atrophy 
of  the  testes  and  noe  have  the  generalized  lesions  of  typhus  fever.  Alien  . 

&  Spitz,  in  a  recent  article  (Am,  J.  Path.,  21:  603-681,  19hS)  describe 

testes  in  their  scrub  typhus  patients  that  resemble  those  illustrated  here* 
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densely  reticular  nucleus  which  from  its  morphology  is  thought  to  be  a 
relic . of  the  germinal  epithelial  cells  (figure  105) . 

Occasionally  there  occur  in  the  lumina  of  the  tubules  what  appear  to 
be  multinucleated  giant  cells.  Inspection  of  such  material  seems  to  indi¬ 
cate  that  these  are  formed  by  fusion  of  the  cytoplasm  6f  remnants  of  sperma- 

\ 

tids.  Successive  stages  are  shown  in  figures  106  -  108.  This  fused  mass 
then  may  become  molded  into  a  rounded  ball  in  a  manner  somewhat  analogous  to 
the  formation  of  corpora  amylacea.  The  nuclei  of  such  "giant  cells"  have  a 
dull,  homogeneous,  non-reticular  staining  quality  unlike  that'  of  viable  cells 
(figure  108). 

The  basement  membranes  of  the  tubules  within  the  first  5  or  6  weeks 
usually  remain  thin  but  are  seen  to  be  slightly  thickened  in  a  few  instances 
(figure  107).  In  one  malnourished  boy  of  8,  there  is  a  remarkable  thicken¬ 
ing  of  the  basement  membranes  of  the  tubules  in  the  immature  testes  (figure 
109).  The  epithelium,  whose  exact  nature  is  unknown,  is  well  preserved.  The 
fate  of  heavily  exposed  non  fatal  cases  will  be  of  great  interest.  The 
small  blood  vessels  of  the  interstitium  sometimes  show  deposits  of  a  re- 
fractile  acidophilic  material  beneath  the  apparently  unharmed  endothelium, 
with  considerable  restriction  of  the  lumen  (figure  102), 

Even  before  there  is' a  marked  shrinkage  of  the  tubules  there  may  be  an 
increase  in  the  interstitial  epithelium.  This  occurs  uncommonly  but  is  evi¬ 
dent  in  figures  103  and  10k.  It  is  apparently  the  result  of  actual  hyper¬ 
plasia  of  this  tissue  rather  than  compaction. 

Associated  changes  in  the  hypophysis  are  discussed  later  in  this 
report. 
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TABLE  25 *  Hiroshima 


'  GROUP  II 


Testes 


Observations 

211 

212 

222 

Well  Nourished  Patients 

■ 

Specimens  Available 

25 

1 

Atrophy  of  germinal  epithelium 
and  derivatives 

25 

1 

Thickening  of  basement  mem¬ 
branes  of  tubules 

h 

1 

Hyaline  changes  of  blood 
vessels 

7 

Hyperplasia  of  interstitial 
tissue 

2 

Malnourished  Patients 

;  Specimens  Available 

11 

1 

Atrophy  of  germinal  epithelium 
and  derivatives 

11 

Thickening  of  basement  membrane 
of  tubules 

h 

Hyaline  changes  of  blood  ves¬ 
sels  . 

1 

Ifyperplasia  of  interstitial 
tissue 

i 

\ 

Hemorrhage  of  tunica  albuginea 

l 

GROUP 

ii 

Ovaries  and 

Uterus 

General  Remarks:  Little  suitable  material  is  available. 

There  are 

sections 
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ovaries  in  10  of  the  12  female  patients  of  Group  II,  Of  these,  3  are  of 
postmenopausal  and  2  of  premenstrual  age.  The  latter  show  numerous  undevel¬ 
oped  follicles  and  some  in  process  of  atresia.  In  the  former  there  is  com¬ 
plete  Involution.  All  It  ovaries  from  non-pregnant  women  in  the  functional 

\ 

age  group  have  in  common  the  presence  of  corpora  albicantia  and  primary 
follicles,  without  developing  follicles  or  corpora  lutea.  In  some  instances, 
the  primary  follicles  in  a  young  woman  are  remarkably  few  and  many  of  those 
that  are  left  may  be  seen  in  the  process  of  atresia  (Key  No.  119,  figures 
11U  and  113) .  In  some  instances  the  ova  have  become  shrunken  (figures  111 
and  112)  and  nurse  cells  may  form  a  compacted  ball  in  the  center  (figure 
115) .  The  endometrium  of  all  these  cases  is  in  the  '‘resting  phase"  and  the 
simple  glands  are  lined  by  columnar'  epithelium  that  shows  no  evidence  of 
corpus  luteum  effect,  nor  do  the  elongated  spindle-shaped  cells  of  the  endo¬ 
metrial  stroma  (figure  113). 

One  patient.  Key  No.  6l,  aged  39  years,  who  had  been  in  a  Japanese 
house  at  1.1  km  and  who  subsequently  became  epilated,  died  apparently  on 
account  of  ulcerative  enteritis  shortly  after  she  aborted  a  5~month  fetus. 

The  exact  date  of  the  apparently  spontaneous  abortion  is  unknown.  A  corpus 
luteum  of  pregnancy  is  found  in  the  ovaries  and  there  are  still  fragments 
of  decidual  tissue  in  the  uterus  (figures  117  and  118).  The  resistance  of 
the  corpus  luteum  of  pregnancy  to  radiation  is  well  known. 

Neither  the  uterus  nor  its  appendages  escape  the  hemorrhages  that  in¬ 
volve  the  other  tissues.  They  may  occur  in  the  endometrium  or  serosa  of 
the  uterus,  the  ovaries  of  Fallopian  tubes  (Key  No.  36,  figure  110), 
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TABLE  26.  Hiroshima 
GROUP  II 

Ovaries  and  Uterus 


Observations 

211 

212 

222 

Ovaries 

■ 

Specimens  Available 

10 

Postmenopausal 

3  , 

Pre-menarche 

2 

Developing  follicles  absent, 
corpora  albicantia  present 

k 

Marked  atresia  of  follicles# 

1 

Corpus  luteum  of  pregnancy 

1 

Uterus 

Specimens  Available 
(Microscopic) 

6 

Endometrium  in  resting  place 

h 

Postmenopausal 

2 

Decidual  reaction,  following 
pregnancy 

1 

*Key  #119 


GROUP  II 
■  Brain 

Congestion  of  the  leptomeninges  and  the  cerebral  vessels  is  usually 
in  evidence.  In  several  instances,  there  are  large  subpial  or;  multiple 
punctuate  subependymal  hemorrhages  (figure  119).  Petechiae  or  ring  hemorrha¬ 
ges  are  found  also  in  several  sites  within  the  brain,  including  the  corpus 
callosum.  In  patient  Key  60,  figure  120,  masses  of  bacteria  are  found  within 
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the  necrotic  tissue  at  the  centers  of  hemorrhages  within  the  medulla. 
There  is  no  leukocytic  response. 

In  several  instances,  there  is' evidence  of  former  trauma  as  in  an 
epidural  hematoma  but  most  of  the  hemorrhagic  lesions  probably  have  the 
same  mechanism  at  play  in  their  formation  that  is  involved  in  the  case  of 
the  other  organs,' 

TABLE  27.  Hiroshima 
GROUP  II 

Brain  _ _ 


Observations  211  212  222 


Specimens  Available 

(Gross) 

{ 

37 

(Microscopic) 

7 

Subpial  hemorrhages 

5 

Subependymal  petechiae 

1 

Ecchymosis  of  dura 

'1 

Epidural  hematoma 

1 

Focal  hemorrhage  and  necrosis 

1 

.  GROUP  II 


Adrenals 

General  Remarks;  The  adrenals  are  almost  always  remarkable  for  their  small 
size.  This  has  no  relation  to  the  nutritional  state  of  the  individual. 

The  cortex  is  usually  remarkably  narrow  and  is  composed  of  translucent 
yellow-gray  rather  than  orange-yellow  opaque  tissue.  This  change  usually 
occurs  diffusely  but  may  be  focal.  The  cortex  at  times  somewhat  resembles 
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the  medullary  substance.  In  some  instances,  cortical  or  peri-adrenal 
hemorrhages  are  seen  but  in  no  case  is  there  a  marked  disruption  of  the 
organ.  Often,  in  association  with  hemorrhage,  there  is  an  exudate  of 
protein- containing  material  or  fibrin  into  the  areolar  septa  of  the  peri- 
adrenal  fat. 

Microscopically  the  cells  of  all  layers  usually  have  finely  granular, 
rather  than  vacuolated  cytoplasm,  indicating  loss  of  cortical  lipoid.  The 
cells  of  the  deeper  fascicular  and  reticular  layers  tend  in  some  measure 
to  retain  their  vacuolation.  In  some  instances,  scattered  goups  of  cells, 
especially  in  the  fascicularis,  have  extremely  foamy  cytoplasm  and  pyknotic 
centrally  placed  nuclei.  In  one  such  there  is  also  focal  necrosis  with  in¬ 
filtration  of  large  fat-filled  phagocytes.  A  remarkable  finding  in  a 
similar  case  is  the  presence  of  a  large  number  of  mitoses  in  the  midsection 
of  the  fascicular  layer  (Key  U5,  figure  122). 

Plasma-like  cells  are  usually  present  in  small -  numbers  in  the  medulla 
or  cortico-medullary  junction  and  at  times  also  in  the  cortex.  In  one  in¬ 
stance,  the  number  of  infiltrating  cells  is-  very  great  for  no  apparent 
reason..  There  is  no  evidence  that  these  cells  represent  erythropoietic 
or  royelopoietic  tissue. 
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TABLE  28.  Hiroshima 
GROUP  II 
Adrenals 


Observations 

211 

212 

222 

Specimens  Available 

(Gross) 

.  58 

5 

2 

(Microscopic) 

hi  ■ 

h 

1 

Gross  evidence  of  loss  of  lipoid, 

11 

1 

no  microscopic  sections  available 

Atrophy  of  cortex 
(especially  of  glomerulosa) 

30 

2 

Focal  necrosis 

1 

1 

Fibrinous  material  in  periadrenal 

3 

fat 

Periadrenal  hemorrhages 

8 

1 

Hemorrhages  of  cortex 

3 

1 

Heavy  plasma-cell-infiltration 

1 

Thrombus  in  arteriole 

1 

GROUP  II 
Thyroid 


General  Remarks:  The  follicles  are  usually  small 

boidal  epithelium  and  filled  with  palely  staining 

...  TABLE  29.  Hiroshima 

;  GROUP  II  . .  . 

Thyroid 

and  are  lined  by  low 

colloid. 

cu- 

Observations  ' 211 

212 

222 

Specimens  Available 

(Gross)  i*7 

5  - 

2 

(Microscopic)  12 

2 

2 

Slight  thickening  of  inter¬ 
stitial  connective  tissue 

1 
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GROUP  II 


Thymus 

General  Remarks:  The  changes  are  not  remarkable. 

TABLE  30.  Hiroshima 


GROUP  II 
Thymus 


Observations 

211 

.  212 

222 

Specimens  Available 

(Microscopic) 

2 

1 

0 

Atrophy 

1 

1 

Calcification  of  Hassals 

1 

corpuscles 

Hemorrhage 

i 

GROUP  II 
Pituitary 


Twenty  pituitaries  are  available  in  which  the  types  of  cells  are 
well  enough  preserved  to  be  recognizable.  Four  were  from  female  and  l6 
were  from  male  patients.  Fixation,  however,  was  imperfect  in  most  of 
these,  since  the  gland  had  merely  been,  thrown  into  the  formalin  fixative 
with  its  capsule  unopened,  j_ 

.  Large  basophilic  vacuolated  "castration  cells"  were  found  in  U  of 

.  1'  *  •  ■  .  \ 

the  16  male  patients.  These; are  best- seen  in  sections  from  Key  No,  U2, 
figures  123  and  12U.  In  general  the  basophilic  cells  are  large  and  some 
have  huge  vesicular  nuclei.  In  many  cellSj  vacuoles  have  formed  in  the 
cytoplasm  and  the  basophilic  granules  are  scattered  within  the  trabeculae 
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of  cytoplasm.  In  some  enormous  cells  the  vacuolation  is  extreme,  the 
basophilic  granules  are  few,  and  the  nucleus  is  displaced  to  one  side  in 
"signet  ring"  fashion.  Cells  of  this  type  are  found  in  most  species  of 
animals  following  castration*. 

,  Some  coarsely  vacuolated  basophiles  were  found  also  in  one  female 
patient  who  had  shortly  before  aborted  a  5-months*  fetus.  Groups  of 
large  neutrophilic  pregnancy  cells  were  also  present  in  this  pituitary. 

No  other  female  patients  showed  significant  changes. 

In  one  other  male  and  in  one  female  patient  the  basophilic  cells  were 
thought  to  be  unusually  large  and  numerous.  It  is,  however,  difficult  to 
draw  conclusions  from  these  sections  without  statistically  adequate  measure¬ 
ments  and  counts.  Unfortunately  only  single  slides  are  available. 

An  interesting  incidental  finding  in  one  case  (Key  #  38)  was  the 
presence  of  a  minute  chromophobic  adenoma. 

Comment:  It  is  of  note  that  these  changes  in  the  pituitary  take  place, 

% 

despite  the  fact  that  the  interstitial  cells  remain  intact,  or  even  in¬ 
crease  following  complete  atrophy  of  the  germinal  epithelium.  This  sug¬ 
gests  an  endocrine  function  for  the  germinal  epithelium,  assuming  the 
functional  as  well  as  structural  integrity  of  the  interstitial  cells  to 
have  been  maintained*  Exactly  similar  changes  have  been  observed  in, the 

•  ■  £  ’  .  ..  /*  ■ 

*Severinghaus,  A.  E.  The  Cytology  of  the  Pituitary  Gland.  IN:  Associa¬ 
tion  for  Research  in  Nervous  and  Mental  Disease,  The  Pituitary. 

Chapter  III,  pp  92-9U.  Baltimore,  Williams  &  Wilkins,  1938, 
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testes  and  pituitaries  of  rats  following  X-irradiation.  (l,  2). 

The  adrenals  in  almost  all  of  the  patients  remarkably  small.  No 
information  is  available  concerning  the  effects  of  castration  upon  the 
adrenals  in  man.  In  male  mice,  however,  an  increase  in  the  thickness 
of  the  reticularis  has  been  observed*.  The  pathogenesis  of  the  atrophy 
of  the  adrenal,  especially  of  the  glomerulosa  in  the  patients  at  Hiroshima 
is  unknown. 

GROUP  II 


Neck  and  Mouth  Organs 


Hemorrhagic  and  necrotizing  lesions  of  the  mouth  and  neck  organs  are 
frequent  at  this  stage,  especially  in  the  gums  and  tonsils.  They  appear  at 
a  time  when  the  effect  of  leukopenia  has  made  the  patients  most  susceptible 
to  the  infection.  What  role  direct  radiation  effects  play  in  their  causation 
is  problematical.  The  clinical  description  of  the  gingivitis  has  already 
been  given.  All  of  this  part  of  the  lining  of  the  mouth  and  pharynx  may  be 
involved.  Occasionally  there  are  hemorrhagic  and  necrotic  lesions  in  the 
lips.  At  autopsy  there  is  often  a  livid  discoloration  of  the  gums.  Pres¬ 
sure  releases  quantities  of  hemorrhagic  material  from  the  periodontal  tis- 
ues.  In  other  instances,  the  hemorrhage  is  more  obvious.  Frequently  the 


(1)  von  Wattenwyl,  H.:  Ueber  die  Wirkung  der  Roentgenstrahlen  auf  den 

Rattenhoden.  Schweiz,  med.  Wchnschr.,  12}  765,  19h2. 

(2)  Joel,  C.  A. :  '  Veranderungen  der  Hypophyse  nach  Rontgenbestrahlung 

der  Hoden,  Schweiz,  med.  Wchnschr.,  72:  795-796,  19h2. 

*Masui,  K.  &  Tamura,  Y.  The  Effect  of  Gonadectomy  on  the  Structure  of 
the  Suprarenal  Gland  in  Mice.  J.  Coll. of  Agri.  Imper.  Univ.  of  Tokyo, 
7:  353.,  1926,’  (Ouoted  by:Moore,  C.  R.)  The  Biology  of  the  testis. 

In:  Allen,  E.:  Sex  &  Internal  Secretions,  Chapter  VII  p,  338 
Baltimore,  Williams  &  Wilkins,  1932, 


-89- (8) 


89 


gums  especially  in  the  incisorial  regions  have  a  dull  gray-green,  or  gray 
color,  a  rough,  shredded,  irregular  surface  and  a  remarkable  friability. 

In  such  instances,  they  have  shrunken  far  below  their  usual  level  but 
the  teeth  do  not  become  loosened.  Healing  with  superficial  scar  formation 
and  leukoplakia  is  illustrated  in  figure  62  (5) . 

Occasionally  the  ‘anterior  portion  of  the  tongue  is  the  seat  of  nec¬ 
rosis  and  hemorrhage  (figure  125).  In  the  tongue  necrosis  is  much  more 
frequent,  however,  on  the  dorsum  where  it  involves  the  lymphoid  follicles 
(figures  126  and  128). 

More  common  than  lingual  is  faucial  tonsillitis.  The  tonsils  are 
usually  moderately,  and  sometimes  greatly  enlarged,  but  on  occasion  there 
is  no  increase  in  size  despite  total  necrosis  of  the  organ  (figure  127). 

There  is  also  often  complete  necrosis  of  lymphoid  tissue  elsewhere  in 
the  wall  of  the  pahrynx  or  in  the  lining  membrane  apart  from  the  lymphatic 
tissue.  Such  lesions  often  are  outlined  by  hemorrhagic  borders  and  are 
seen  also  in  the  epiglottis,  larynx  and  trachea  (figures  126,129  and  130). 

Histologically  these  lesions  have  in  common  a  uniform  necrosis  of 
the  tissue  with  no  barrier  of  polymorphonuclear  leukocytes  (figure  132). 

There  is,  however,  frequently  edema  and  sometimes  hemorrhage  of  the  sur¬ 
rounding  tissue.  The  cellular  exudate  when  present  consists  of  scattered 
plasma  cells  and  occasional  small  and  large  mononuclear  elements  (figure 
131) .  Often,  as  in  the  tonsils,  the  necrosis  involves  lymphoid  tissues,  whose 
mature  lymphocytes  as  elsewhere  have  almost  completely  disappeared  and  in 
which  there  is  a  compaction  of  reticulum.  The  reticulum  has  in  many  cases 
differentiated  into  the  large  atypical  cells  that  have  previously  been  des¬ 
cribed.  In  one  case  the  lesions  of  nthrush"  are  observed  (Key  No.  56,  fig  133) 
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TABLE'  31.  Hiroshima 


GROUP  II 


Neck  Organs 


Observations 

211 

212 

222 

Specimens  Available 

53 

5 

2 

Gingivitis  (all) 

23 

(hemorrhagic) 

12 

(necrotizing) 

9 

(type  unstated) 

2 

Necrotizing  glossitis 

3 

1 

Necrotizing  tonsillitis 

(faucial) 

Uo 

l 

2 

(lingual) 

25 

Necrotizing  pharyngitis 

13 

Necrotizing  epiglottitis 

21 

Hemorrhages  of  epiglottis 

k 

Edema  of  epiglottis 

3  ' 

Necrotizing  laryngitis 

7 

Hemorrhages  of  'larynx  ■  r ' ;  5 

k ;  ; 

Edema  of  larynx  '  \  i 

;  "  2  '  v  . 

Necrotizing  tracheitis 

'  l  ;  *  • 

' 

Hemorrhage  of  trachea  ... 

;  i  ;  ■  •  •  ■  • 

"y  ;  *  ‘  ' 

_  GROUP  LI 

Skin 

General  Remarks': '  Fifty- three 

of  58'  patients  in  this 

group  were  noted 

to  have 

cutaneous  hemorrhages  at  the  time  of  death.  These'  varied  from  petechial 
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size  to  that  of  large  ecchymoses  involving  also  the  subcutaneous  tissue. 

Ulcerative  lesions  of  the  skin  were  also  frequent  and  in  several 
there  were  pustules.  An  ulcerative  lesion  of  common  type  is  described 
(Key  No.  bl ,  figures  13U,  A,  B,  C,  and  D).  As  the  region  of  denudation  of 
epithelium  is  approached,  the  superficial  layers  of  cells  become  swollen 
and  frequently  the  nuclei  are  found  as  contracted,  deeply  staining  struct¬ 
ures,  situated  within  vacuoles.  The  deeper  layers  are  relatively  well 
preserved,  and  the  nuclei  here  are  large  and  finely  dotted  with  chromatin. 
The  pigment  within  the  cells  also  is  plentiful.  As  the  margin  of  the  ul¬ 
cer  is  approached,  the  epithelium  becomes  more  and  more  vacuolated  and 
ultimately  becomes  anuclear.  In  some  places,  there  is  parakeratosis  of 
the  superficial  layers  of  epithelium.  The  base  of  the  ulcer  itself  con¬ 
sists  of  necrotic  collagen  which  in  some  places  is  infiltrated  with  num¬ 
erous  erythrocytes.  There  are  no  leukocytes  except  in  the  septa  of  areol¬ 
ar  tissue-  which  course  in  the  deeper  layers  of  the  subcutaneous  fat. 

These  are  of  small  mononuclear  and  plasma  cell  type.  Even  at  a  distance 

o 

from  the  ulcer,  the  appendages  of  the  skin  are  surrounded  by  groups  of 
small  mononuclear  cells  and  plasma  cells.  So  also  are  the  vessels  of  the 
papillae.  In  another  case  (figure  135>)  exudate  is  more  abundant,  but  it 
consists  largely  of  plasma  cells  and  large  mononuclear  elements. 

The  mechanism  of  origin  of  the.  ulcerative  lesions  is  of  interest. 

Are  they  merely  the  result  of  infection  of  the  skin  in  the  patients  with 
leukopenia  or  are  the  lesions  in  part  also  the  direct,  result  of  radiation? 
The  Japanese  describe  the  appearance  of  ’'blisters”  in  the  skin,  of  some  of 
the  exposed  patients.  In  the  records  of  2  autopsies  of  recently  dead 
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patients  the  skin  was  said  to  have  "peeled”  easily,  revealing  a  pink  raw 
surface  beneath,  (Key  Nos',  98  and  109).  The  tongue,  pharynx  and  esophagus 
of  one  of  these  cases  show  remarkable  changes  in  the  squamous  epithelium 
with  sloughing  over  large  areas.  This  is  described  elsewhere  (Key  98, 
figures  25  -  27).  This  patient  died  on  the  12th  day  following  the  bombing. 
Unfortunately  skin  from  this  individual  is  not  available  and  there  is  no 
supporting  evidence  for  the  concept  that  such  ulcerative  lesions  are  direct 
radiation  effects  in  patients  who  died  at  a  later  date. 

The  only  unburned  skin  available  from  most  of  these  individuals  is 
the  scalp.  The  changes  in  the  epithelium  of  the  surface  are  slight  here, 
and  there  is  no  evidence  of  telangiectases  nor  of  any  remarkable  alterat¬ 
ion  in  the  collagen.  The  changes  in  the  hair  follicles  are  of  great  inter¬ 
est  and  are  illustrated  in  all  stages  in  heavily  radiated  individuals.  If 
a  typical  hair  follicle  is  examined  (Key  lU,  figure  137)  it  will  be  seen 
that  from  the  matrix  at  the  root  there  is  differentiated  a  layer  of  tri- 
chohyaline-bearing  tissue  (Henle 1 s  and  Huxley’s  layers)  forming  an  intern¬ 
al  root  sheath  which  is  separated  along  a  cuticle  from  the  external  root 
sheath.  The  latter  is  an  invagination  of  the  epithelium  of  the  surface. 
Keratinization  of  the  hair  begins  internally  from  the  trichohyaline-bearing 
cells  of  the  internal  root  sheath  very  near  the  base  of  the  follicle.  A 
large  keratinized  shaft  of  hair  consequently  pads es  through  the  corium  on 
its  way  to  the  surface  separated  for  much  of  its  course  from  the.  external 
root  sheath  by  a  space.  ;  „  .  1  7 

In  follicles  of  the  scalp  of  the  irradiated  patient,  however,  the  ' 
trichohyaline- layer'fails; to: differentiate; so  that  a  plug  of  epithelium 
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results  which  has  the  morphology  of  and  is  continuous  with  the  external 
root  sheath.  The  pigment,  moreover,  is  found  irregularly  distributed 
throughout  the  epithelium- even  at  a  distance  from  the  papilla  (figures 
138  and  139).  The  epithelium  of  the  matrix  becomes  flat  and  less  basophi¬ 
lic  and  mitoses  among  its  oells  become  rare,  whereas  usually  they  are 
numerous.  The  matrix  now  forms  a  shallow  cap  rather  than  a  long  hood  over 
the  tip  of  the  papilla  (contrast  figures  with  138  and  141).  The 
papilla  now  becomes  less  vascular  and  smaller  and  its  component  elongated, 
spindle-shaped  cells  are  compacted.  Often  the  papilla  ceases  to  be  inti¬ 
mately  applied  to  the  matrix  epithelium  and  a  space  appears  between  the. 
two  tissues.  The  plug  of  epithelium  at  the  base  of  the  follicle  becomes  more 
and  more  narrow,  and  a  whoried,  pearl-like  arrangement  of  cells  may  result, 
figure  140.  At  the  same  time  the  glassy  membrane  and  the  more  cellular  fibrous 
membrane  externally  become  considerably  and  often  greatly  thickened.  Spaces 
appear  between  the  glassy  sheaths  and  the  shrinking  plug  of  epithelium  that 
is  now  the  core  of  the  follicle  (figure  138).  Stains  for  elastic  tissue' 
demonstrate  that,  despite  its  wavy  refraptile  character,  the  glassy  membrane 
is  of  collagenous  rather  than  elastic  nature  (figure  142) .  The  immense 
thickening  of  the  basement  membranes  that  may  occur  is  demonstrated  in 
figures  140,  143  and  144.  In  the  last  two  figures  also  is  demonstrated  how 
every  follicle  may  be  involved,  even  in  a  14  year  old  child  (figure  144.), 

-  r  #  1.  '  -  \  . 

With  the  failure  of  formation  of  the  internal  root  sheath  the  hair 
shaft  now  apparently  takes  origin  directly  from  the  external  root  sheath 
by  a  process  analogous  to  that  of  parakeratosis.  The  point  of  origin  of  the  • 
shaft  comes  closer  and  closer  to  the  surface  as , the  matrix  substance  atro¬ 
phies  and  still  there  remains  only  a  bulbous  plug  of  parakeratotic  mater¬ 
ial  near  the  mouth  of  the  follicle  (figures  145,  146,  and  147).  This 
process  is  reflected  in  the  structure  of  the  cast-off  hair  (figure  148). 
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which  tapers  near  its  formerly  attached  end  and  which  is  devoid  of  the 
remnants  of  the  internal  root  sheath  that  would  usually  adhere  as  a  cuff. 

The  follicle,  despite  these  changes,  does  not  lose  its  capacity  for 
regeneration,  as  shown  in  scalps  from  Group  III,  in  patients  dying  after 
the  sixth  week.  The  process  of  regeneration  and  the  analogy  with  the  nor¬ 
mal  process  of  replacement  of  hair  are  described  with  Group  III. 

Other  changes  in  the  scalp  are  inconspicuous.  There  may  be  atrophy  of 
the  rate  pegs  and  a  general  thinning  of  the  epithelium  at  the  surface,  some¬ 
times  associated  with  hyperkeratosis  (figure  lU3  and  lUU).  The  keratotic 
material  is  particularly  abundant  in  the  mouths  of  the  hair  follicles.  Hy¬ 
perpigmentation  is  sometimes  observed  in  these  epilated  scalps.  The  pigment 
is  situated  in  the  basal  layer  of  epithelial  cells.  In  the  same  specimens 
and  in  figures  lU6  and  llf.7j  is  illustrated  the  atrophy  of  the  sebaceous 
glands  that  is  frequently  observed.  This  process  goes  hand  in  hand  with 
atrophy  of  the  hair  follicle  and  cannot  be  interpreted  as  a  direct  ra¬ 
diation  effect.  The  sweat  glands,  in  skin  that  has  not  been  burned,  show 
relatively  little  change,  although  occasionally  the  acini  appear  shrunken 
and  have  thickened  basement  membranes  and  tine  vacuolated  epithelial  cells 
with  pyknotic  nuclei.  'V:,  V 


TABLE  32.  Hiroshima 


GROUP  II 

Skin 

Observations 

211 

212 

222 

Specimens  Available 

58 

5 

2 

Epilation 

(all) 

U8 

2 

(axilla  ry ) 

8 

(pubic) 

6 

(eyebrows) 

-  -  h 

1 

(beard) 

2 

Hemorrhage 

53 

h 

1 

Ulcers 

20 

■ 

Pustules 

3 

1 
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GROUP  III 


General  Observations:  In  the  group  of  patients  surviving  beyond  the  6th 
week  the  state  of  nutrition  usually  has  become  markedly  reduced.  The  bone 
marrow  is  usually  hyperplastic  and  capable  of  delivering  leukocytes  to 
the  tissues  where  needed.  Despite  this  there  is  occasional  evidence  of  a 
maturation  defect;  also  a  few  marrows  in  patients  dying  after  the  beginning 
of  the  7th  week  are  still  hypoplastic.  Concomitantly  with  the  recovery  of 
the  marrow,  the  hemorrhagic  lesions  are  now  relatively  rare  despite  the  ne¬ 
crosis  in  some  tissues. 

The  important  lesions  at  the  time  of  death  are  focal  necrotizing  pneu¬ 
monia  (sometimes  in  the  process  of  organization)  or  necrotizing  entero-coli- 
tis.  In  both  of  these,  polymorphonuclear  leukocytes  are  now  prominent  ele¬ 
ments  of  the  exudate.  It  is  probable  that  the  temporary  depression  of 
hematopoiesis  that  many  of  these  individuals  suffered  is  important  in  allow¬ 
ing  these  infections  to  have  gained  headway. 

Stigmata _of  radiation  effect,  particularly  the  epilation  and  testicu¬ 
lar  atrophy  are  still  present  but  in  some  patients  considerable  regenerat¬ 
ion  of  hair  has  occurred  which  is  manifest  histologically, 

'  GROUP  III 

Heart;  Aside  from  the  apparently  adventitious  lesions  regarded  as 
"rheumatic"  and  for  one  instance  where  a  gross  diagnosis  of  "fatty  change" 
was  substantiated  microscopically,  there  are  no  notable  changes  in ‘the 

heart.  />.-'•  ’  •.  ' 

Lungs;  In  most  casps  there  are  necrotizing  lesions  of  the  lung  heavily 
infiltrated  with  polymorphonuclear  leukocytes.  In  2  instances 
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TABLE  33 


GROUP  III 


Heart 


Observations 

Hiroshima 

Nagasaki 

—  311  312  32l  322 

311  312  321  322 

Specimens  Available  9  1  b  3  6316 

Epicardial'  hemorrhages  h  2  1 


i 


Endocardial  hemorrhages  1 
Fatty  ehange  of  myocardium  1 
Focal  necrosis  of  myocardium 


1 

1 


Additional 

Fibrous  pericardial  adhesions  1  1 

Chronic  verrucous,  mitral  endo-  1  2 

carditis 

Chronic  verrucous  tricuspid,  1 

mitral  and  aortic  endocarditis 


(figures  lU9  and  15>2),  there  are  abscesses  with  fibrosed  walls  surrounded 
by  large  zones  of  organizing  pneumonia.  Twice  there  is  again  evidence  of 
"aplastic  necrotizing  pneumonia".  The  marrow  of  one  of  these  exhibited 
reticulum  hyperplasia  (Type  B)  and  in  the  other  case  the  marrow  was  aplastic 
(Type  A).  Two  patients  died  of  advanced  fibrocaseous  pulmonary  tuberculosis • 
Spleen;  The  lymphoid  tissue  still  is  usually  atrophic  and  atypical  large 
mononuclear  cells  tend  to  persist  but  there  is  evidence  of  recovery  in 
certain  cases.  In  b  there  are  abundant  lymphocytes  about  the  central  ves- 
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TABLE  3U,  GROUP  III 
Lungs 


* 

Observations 

Hiroshima 

Nagasaki 

* 

311 

312 

321 

322 

311- 

312 

321 

322 

Specimens  Available 

9 

1 

U 

3 

6 

3 

1 

6 

- 

Focal  atelectatis  and  emphysema 

1 

1 

Multiple  hemorrhages 

1 

Focal  aplastic  pneumonia 

2 

1 

Focal  necrotizing  pneumonia 
with  pmn  (all) 

6 

li 

2 

3 

Same  (with  organization) 

2 

2 

Fibrocaseous  pulmonary  tuberculo 
sis 

Fibrinous  pleurisy 

1 

2 

1 

Fibrinopurulent  pleurisy 

1 

Additional 

Fibrous  pleural  adhesions 

2 

1 

1 

1 

Healed  tuberculous  foci 

1 

1 

Interstitial  pulmonary  fibrosis  . 

1 

# 

Tuberculosis  of  tracheobronchial 
lymph  nodes 

•- 

1 

Hydro  thorax  .V; 

1 
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TABLE  35,  GROUP  III 


Spleen 


Observations 

Hiroshima 

Nagasaki 

311 

312 

321 

322 

311 

312 

321 

322  - 

Specimens  Available 

9 

1 

U 

2 

6 

3 

1 

5 

Perisplenic  adhesions 

2 

Decrease  of  lymphocytes 

6 

3 

5 

2 

2 

Absence  of  germinal  centers 

7 

h 

1 

Atypical  mononuclear  cells 

6 

3 

1 

1 

Germinal  centers  present 

2 

1 

1 

1 

2 

1 

2 

Many  lymphocytes,  no  germinal 
centers 

1 

1 

1 

Heavy  plasma  cell  infiltration 

1 

Focal  necrosis  (bacterial  emboli); 

l 

Infarct 

1 

Hemorrhage  in  capsule 

1 

Tuberculosis 

1 
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sels  of  the  malpighian  corpuscles  and  in  two  of  these  germinal  centers  had 
begun  to  appear.  In  certain  of  the  corpuscles  of  Key  50,  figure  153,  a 
few  large  reticulum  cells  are  still  discernible  in  compact  arrangement  about 
the  periphery  of  the  collars  of  mature  lymphocytes. 

Lymph  Nodes;  Lymph  nodes  were  laggard  as  regards  restoration  of  germinal 
centers.  These  were  present  in  the  nodes  of  only  one  patient.  Most  still 
manifested  loss  of  mature  lymphocytes,  compaction  of  reticulum  and  atypical 
large  cells  as  previously  described  (figure  l5U). 


TABLE  36,  GROUP  III 
Lymph  Nodes 


b 

Hiroshima 

Nagasaki 

Observations 

311 

312  321 

322 

311 

312  321 

322 

Specimens  Available 

6 

0  1 

1 

•  5 

1  1 

1 

Decrease  of  lymphocytes 

1 

5 

1 

1 

Lymph  nodes  composed  of 
typical  lymphocytes,  but 
without  germinal  centers 

7 

1 

Absence  of  germinal  centers 

1 

Germinal  centers  present 

1 

Atypical  mononuclear  cells 

6 

1 

2 

Additional 

Tuberculosis  of  hilar  nodes 

1 

. 

Tuberculosis  of  tracheobron¬ 
chial  nodes 

1 

-101- (8) 


101 


Bone  Marrow:  Although  the  marrow  may  remain  hypoplastic  there  is  usually 
hyperplasia  (figure  1%$)  especially  in  the  myeloid  series,  manifest  in  the 
long  bones  as  well  as  in  the  ribs,  sternum  and  vertebrae.  Despite  the 
myeloid  hyperplasia,  most  patients  dying  at  this  stage  have  a  severe  anemia. 
This  may  in  part  be  associated  with  the  severe  infections  which  were  inva¬ 
riably  present.  A  typical  example  is  found  in  Key  50,  which  is  described: 

In  a  section  of  vertebra,  the  marrow  appears  to  be  extremely  hyperplastic. 
The  cells  are  supported  within  congested  and  even  hemorrhagic  tissue.  The 
most  numerous  elements  in  the  cellular  population  appear  to  be  the  younger 
neutrophilic  and  eosinophilic  myelocytes.  There  are  relatively  few  late 
myelocytes,  stab  cells  and  mature  polymorphonuclear  leukocytes.  Occasional 
blast  forms  are  seen  and  some  cells  are  in  mitosis.  There  are  also  many 
megakaryocytes  and  numerous  small  islands  of  erythropoietic  tissue.  Fair¬ 
ly  large  numbers  of  plasma  cells,  some  multinucleated,  also  are  in  evidence 
together  with  lymphocytes  and  large  stellage  pahgocytes  filled  with  hemo¬ 
siderin  pigment. 

In  sections  of  rib  there  is  still  an  abundance  of  "gelatinous  marrow," 
within  which  are  islands  of  hematopoietic  tissue,  again  containing  a  pre¬ 
dominance  of  younger  forms  (figure  1^6) ,  The  tissue  is  essentially  Simi¬ 
lar  to  the  vertebral  marrow  except  for  the  large  amounts  of  interstitial 
material. 

In  portions  of  tissue  removed  from  the  femur  of  the  same  patient,  there 
are  dense  clumps  of  young  cells  with  coarsely  reticular  nuclei  and  abundant 
basophilic  cytoplasm.  These  often  are  associated  with  islands  of  normoblasts 
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I 

and  are  thought  to  be  basophilic  erythroblasts .  There  are  also  myelo¬ 
cytes  and  scattered  plasma  cells  within  an  abundant  "gelatinous"  matrix. 

Smear  preparations  of  these  various  tissues  stained  by  the  Wright- 

Gien^a  method  are  excellently  preserved.  The  only  unusual  feature  is 

/ 

the  presence  of  large  numbers  of  lymphocytes  and  of  plasma  cells,  some  of 
which  are  multinuclear.  The  granules  of  the  myelocytes  are  everywhere 
well-stained  even  in  the  youngest  forms.  There  are  some  cells  resembling 
myelocytes,  but  with  clear  cytoplasm.  These  may  be  forms  intermediate  be¬ 
tween  the  reticular  elements -and  the  myelocytes;  they  also  suggest  lympho¬ 
cytes.  For  a  detailed  discussion  see  the  Clinical  Section  on  the  Marrow  (7), 
Stab  cells  and  a  few  polymorphonuclear  leukocytes  also  are  found. 

The  background  substance  in  gelatinous  marrow  deserves  some  comment. 

It  has  a  delicately  fibrillar  structure,  which  is  apparent  in  the  H  &  E 
preparation.  In  Masson  and  PTAH  stains,  this  material  gives  the  reaction 
of  fibrin  (figures  l6l  and  162).  It  is  deposited  most  densely  about  cells, 
some  of  which  have  the  morphology  of  megakaryocytes.  Smaller  elements, 
more  like  reticulum  cells  and  some  cells  intermediate  between  these  and 
megakaryocytes  also  act  as  centers  upon  which  fibrin  is  deposited  (figure 
163). 

Relation  to  Peripheral  Leukocyte  Count. 

Relatively  few  patients  who  lived  beyond  the  sixth  week  showed  a  per¬ 
sistent  leukopenia.  At  necropsy,  the  bone  marrow  in  these  cases  showed 

I.  '  .  • 

either  evidence  of  maturation  defect  and  was  hyperplastic,  as.  in  Key  50, 
which  has  just. been  described,  or  the  marrow  was  of  Type  A.  In  Key  50, 
despite  the  hyperplasia  of  the  marrow  demonstrated  in  figures  l£6  and  157, 
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TABLE  37,  GROUP  III 
Bone  Marrow 


Observations 


Hiroshima 


Nagasaki 


311 

312 

321 

322 

311 

312 

321 

322 

Long  Bones 

Specimens  Available 

6 

1 

3 

1 

1 

1 

3 

Type  A:  Hypoplasia 

1 

2 

1 

Type  B:  Marked  focal 
reticulum  hyperplasia 

2 

1 

Type  G:  Focal  myeloid 
regeneration 

h 

1 

1 

1 

1 

Type  D:  Marked  myeloid 
hyperplasia 

1 

1 

Flat  Bones 

Specimens  Available 

3 

5 

2 

1 

3 

Type  Aj  Hypoplasia 

Type  B;  Marked  focal 
reticulum  hyperplasia 

2 

l 

Type  C :  Focal  myeloid 

1 

h 

2 

1 

2 

regeneration 


Type  D:  Marked  myeloid 
hyperplasia 


No  Bone  Marrow 

r-y  y  " 

PMN  in  tissues 

1 

Additional 

Tuberculosis 

■  -■  y 

;  ■ 

1 
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the  counts  ranged  from  3200  on  19  September  to  6500'  on  1$  October. 


LABORATORY  DATA  -  Key  No.  50 


Blood  Date 

RBC 

Hgb 

WBC 

PMN  -  Mature  Stab cMyelo. Meta. 

In 

L.M. 

E. 

B. 

19  Sept. 

2.2 

36 

3200 

- 

-• 

- 

- 

- 

- 

- 

8  Oct. 

1.5 

31 

5ioo 

- 

- 

- 

- 

- 

- 

15  Oct,  - 

1.8 

62 

65oo 

1*9.5  25 

0 

6 

13.5 

8.5 

0 

0 

8  Nov. 

1.7 

35 

U3oo 

8  53 

5 

8 

lU 

7 

3 

2 

Reticulocytes  (15  October  19U5) :  18$ 

Platelets  (15  October  19li5) :  1*5,000 

Protein  (CuSO^Method)  6.6  g.% 

Notable  features  of  the  differential  counts  are  the  anemia,  and  the  shift  to 
the  left  in  the  granulocytic  series.  A  large  number  of  reticulocytes  also 
was  observed,  indicating  a  regenerating  but  insufficient  erythropoietic  tis¬ 
sue.  This  patient  died  on  the  1.5th  of  November  19U5,  of  a  necrotizing  and 
organizing  pneumonia  (figures  ll*9-l5l) . 

In  most  individuals  surviving  into  Stage  III, . there  was  leukocytosis 
associated  with  hyperplasia  of  the  bone  marrow,  .This  may  occur  despite  pre¬ 
vious  leukopenia  as  in  Key  118  (subgroup  311).: 

'  -  CLINICAL. HISTORY  -  Key  No.  118 

This  56  year  old  woman  was  at  0,7  km.  .  She  was  thrown  a  distance  by  the 
blast.  Falling  walls  effected  a  slight  contusion  of  the  back  and  of  the 
legs.  At  the  time  of -bombing  she  was  out  of  doors  cutting  grass  close  to 
a  wooden  Japanese  building.  Few  findings  are .recorded  in  the  clinical  his¬ 
tory.  There  was  nausea  whose' date  is  not -stated'.  On  the  26th  of  August  there 
appeared  diarrhea  which  persisted  to  the  time  of  death.  It  was  of  bloody 
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type.  Epilation  was  present  but  the  date  of  onset  is  not  stated,  and 
there  was  also  pigmentation  of  the  skin.  She  was  unconscious  shortly  after 
the  blast  and  was  carried  to  Izumite  where  she  regained  consciousness. 
During  the  entire  cotirse  the  patient  had  only  a  slight  fever.  She  died  on 
5  October. 


LABORATORY  DATA; 

RBC 

Hemoglobin 

WBC 

29  August 

2.hk 

56 

io5o 

1  September 

1.7U 

U9 

570 

7  September 

3.30 

6o 

ioUo 

15  September 

5.31 

65 

2900 

25  September 

3.92 

80 

3600 

29  September 

3.72 

92 

11U00 

1  October 

3.85 

90 

17700 

The  important  lesions  at  necropsy  were  a  hemorrhagic  pneumonia  and 
an  ulcerative  ileo-colitis.. 

In  this  case  there  is  recovery  also  of  the  erythropoietic  tissue.  The 
bone  marrow  shows  reticulum  hyperplasia  (Type  B),  as  illustrated  in  figure 
159  and  l6o, .  There  is  considerable  differentiation  into  myeloid  tissue  but 
numerous  plasma  cells  are  still  present, In  the.  lymph 'nodes  of  this  case 
there  is  lymphoblastic  hyperplasia  but  there,  is  no  evidence  of  leukemic  infil¬ 
tration  of  the;  tissues.  - 

In -some  Instances,  myeloid  hyperplasia  in  patients  dying  in  this  period 
is  extreme  and  the  'adipose  -tissue  of  the;  marrow  has  almost  completely  dis¬ 
appeared  (Key  lU, . figure  l58) ..  The  marrow: in  this  case  is  of  . Type  D.  This 
patient  had  a  moderate  leukocytosis  before  his  death  from  a  cute  pyelonephritis 
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on  22  September  19U5. 

Interpretation  of  the  Leukocytosis . 

The  leukocytosis  is  interpreted  as  the  result  of  stimulation  by 
bacterial  products  of  a  bone  marrow  that  has  nearly  regained  its  capacity 
to  produce  nyeloid  cells.  It  is  probably  not  anagolous  to  the  leukocytosis 
observed  among  the  patients  in  the  Nishiyema  district  of  Nagasaki  who  were 
apparently  exposed  to  split  products  of  the  atomic  fission. 

Occurrence  of  Leukemia?  t 

The  single  case  of  leukemia  is  presented  in  appendix  1  (Section  8). 

The  leukemia  is  of  the  monocytic  type,  occurring  in  a  19-year-old  boy  who 
had  severe  radiation  effects  including  purpura  and  stomatitis  and  a  leuko¬ 
cyte  count  as  low  as  850  on  10  September  19U5*  What  relation  the  leukemia 
had  to  exposure  to  ionizing  radiations  is  completely  unknown.  Papers  concern¬ 
ing  the  leukeraogenic  action  of  X-rays  have  been  reviewed  by  Furth  .  He- 
peated  exposure  of  057  miae  to.  large  dose's0  (a  total  of  1200  r  administered 

monthly  in  200  r  doses)  have  been  followed  by  an  increased  incidence  of 

(2) 

leukemia  (Henshaw  ) .  Also  radiologists  are  known  to  have  a  death  rate 

(3) 

from  leukemia  greater  .than  that  "of  other  physicians  .  It  is  concluded 
that  Roentgen  rays  are  only  weakly  leukemogenic  and  then  only  after  a 

-  :  Q.)  .  . 

long  incubation  period  In  the  present  instance  the  interval  between 

exposure  and  the  appearance  of  leukemia  was  less  than  90  days.  In  view  of 
(1).  Furth,  J.s  Recent  Experimental  Studies  on-Leukemia,  Physiol. Re views. 

26:  U7  -  76,  19U6.  ■  ? 

J2),  Henshaw,  Paul  S.r  Leukemia  in  Mice  Following  Exposure  to  X-Rays. 
Radiology,  U3 :  279  -  285,  19UU. 

(3).  March,  Herman  C, :  Leukemia  in  Radiologists,  U3:  275  -  278,  1941u 
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this  fact  and  since  this  case  to  date  has  been  unique,  it  is  probably 
most  reasonable  to  consider  it  as  purely  adventitious.  The  possibility 
that  leukemia  may  occur  in  some  of  the  exposed  population,  however,  must 
still  be  kept  in  mind. 

Gastrointestinal  System:  ,  , 

Ulcerative  lesions  of  the  bowel  occur  occasionally.  They  again  tend ' 
to  be  superficial  and  to  be  covered  with  fibrin.  Sometimes  the  foci  of 
necrosis  bulge  into  the  lumen.  In  this  group  polymorphonu clear  leukocytes 
may  appear  in  the  lesions.  In  at  lease  one  case,  however,  the  ulcers  contain 
relatively  few  of  these  cells  despite  the  hyperplastic  marrow  and  they  are 
histologically  similar  to  those  of  the  aplastic  stage. 

An  intussusception  of  the  ileum  and  localized  peritonitis  occurred 
in  one  patient.  Only  one  case  of  amebic  colitis  was  found  in  the  Hiroshima 
series. 

Liver: 

Fatty  changes  in  the  liver  are  much  more  common  at  this  stage  than 
at  any  other.  This  may  be  associated  with  malnutrition.  The  change  usual¬ 
ly  is  midzonal  or  periportal  in  distribution  and  sometimes  involves  more 
than  one-half  of  the  lobule.  Necrosis,  apparently  in  association  with 
central  congestion,  is  in  evidence  in  one  instance.  Key  No.  1^,  figure  l6£. 

.  '*  -  r 

The  mechanism  of  the  central  congestion  is  not  clear  as  there  are  no  evi¬ 
dences  of  acute  lesions  of  the  iryocardium  in  these  patients,  despite  the 
verrucous  endocarditis  that  was  encountered  in  two  cases  nor  are  there  chro¬ 
nic  lesions  such  as  marked  mitral  stenosis  to  account  for  the  congestion. 
Complete  and  detailed  gross  descriptions  of  the  heart  and  detailed  clinical 
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TABLE  38,  GROUP  III 


Gastrointestinal  Tract 


Observations 

• 

Hiroshima 

Nagasaki 

311 

312 

321 

322 

311 

312 

321 

322 

Stomach 

Specimens  Available  (gross) 

9 

'  1 

h 

3 

6 

3 

1 

6 

Acute  ulcer 

1 

1 

Petechiae 

ii 

1 

1 

1 

1 

2 

Plasma  cell  infiltration 

1 

* 

Small  Intestine 

Specimens  available  (gross) 

9 

1 

h 

3 

6 

3 

1 

6 

Ulcerative  enteritis 

1 

1 

2 

1 

Petechiae 

1 

1 

2 

Intussusception  of  ileum 

1 

Large  Intestine 

Specimens  Available  (gross) 

9 

1 

h 

3 

6 

3 

X 

6 

Petechiae 

k 

1 

l 

1 

2 

Ulcerative  colitis 

2 

1 

3 

2 

2 

2 

Strongyloidosi s 

.  1 

Additional 

■  -  ■ 

Ascariasis 

2 

3' 

1 

Amebic  colitis  . 

1 

1 
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TABLE  39.  GROUP  III 


Liver  and  Gall  Bladder 


Observations 

311 

Hiroshima 
312  321 

322 

311 

Nagasaki' 
312  321 

322 

Specimens  Available 

9 

1 

h 

3 

6 

3 

1 

6 

Giant  nuclei  in  pericentral  hepa 

-1 

1 

fcic  oells 

Central  congestion  (all) 

3 

1 

1 

1 

2 

1 

1 

(with  necrosis) 

1 

1 

1 

Edema  of  pericentral  connective 

2 

1 

tissue 

Focal  fatty  changes 

(periportal) 

1 

• 

3 

1 

2 

2 

(midzonal) 

3 

1 

(pericentral) 

2 

1 

(diffuse) 

1 

Focal  necrosis 

2 

Additional 

Calculi  in  gall  bladder  1 

Chronic  cholecystitis 

(Ascaris  in  bile  duct)  1 

(calculus  in  choledochal  duct)  1 

(chronic  cholangitis)  1 

Tuberculosis 


information,  however,  are  not  available. 

Pancreas? 

No  significant  lesions  are  discovered.  The  acini  are  frequently  small, 
perhaps  in  association  with  the  malnutrition,  but  otherwise  the  cells  are 
typical  in  morphology  and  there  is  no  evidence  of  fibrosis. 

Kidneys: 

The  kidneys  are  not  remarkable  except  for  one  case  where  there  are  mul¬ 
tiple  abscesses.  Polymorphonuclear  leukocytes  are  present  in  large  numbers 

t 

in  these  lesions.  In  one  patient  there  are  the  atypical  large  and  small  mono 
nuclear  cells  in  the  cortico-medullary  sinusoids  that  have  been  described 
previously. 


TABLE  UO  GROUP  III 
_ Kidney _ 


Observations 

Hiroshima 

Nagasaki 

311 

312 

321 

322 

311 

312 

321 

322 

Specimens  Available 

8 

1 

h  ' 

3 

6 

3 

1 

6 

Hemorrhages  of  pelvis 

2 

1 

1 

1 

Cloudy  Swelling 

3 

1 

1 

1 

Scars  of  Kidney 

3 

1 

1 

1 

1 

1 

Abscesses  (with  pmn)  . 

1 

Atypical  small  and  large 
mononuclear  cells  in  sinusoids 

1 

Infarcts  /  . 

1 

Acute  Pyelonephritis  . 

- . 

1 

Additional 

Leiomyoma  of  Pyramid  ■ 

1  - 

Calculus  of  pelvis 

1 

1 

Tuberculosis 

1 
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Ureters  and  Bladder: 

There  are  petechiae  of  the  bladder  in  2  cases  of  subgroup  311  and  in 
one  of  subgroup  312. 

Testes; 

In  this  group,  all  of  whom  malnourished,  the  atrophy  is  much  more 
complete  than  in  the  preceding  group  (figure  166  and  16?).  The  basement 
membranes  are  usually  thickened  and  the  Sertoli  cells  are  shrunken.  -Within 

the  old  basement  membranes  there  develops  in  a  broad  band  a  less  cellular, 

•  \ 

delicately  fibrillar  connective  tissue.  Spermatogenic  tissue  has  complete¬ 
ly  disappeared.  The  tubules  have  become  shrunken  and  occasionally  are  com-  ' 
pletely  hyalinized,  The  small  blood  vessels  often  have  brightly  acidophilic 
deposits  of  material  beneath  the  endothelium  and  muscular  wall,  as  seen  in 
the  earlier  stages.  In  relatively  many  cases  there  is  now  a  slight  but  def¬ 
inite  increase  in  the  interstitial  tissue, 

TABLE  1*1,  GROUP  III 


Testes 


Observations 

Hiroshima 

Nagasaki 

311 

312 

321 

322 

311 

312 

321 

322 

Malnourished  Patients* 

Specimens  Available  5 

*1 

3 

2 

2 

2 

0 

2 

Atrophy  of  germinal  epithelium  $ 
and  derivatives 

1 

1 

2 

2 

2 

2 

No  atrophy 

1-** 

Thickening  of  basement  membranes  5 
of  tubules 

1  . 

1 

1 

2 

2 

2 

Hyaline  changes  of  blood  vessels  1*  • 

1 

Hyperplasia  of  interstitial  tissue  3 
Infantile 

1 

1 

1 

Atrophy  of  interstitial  tissue, 
with  hyperpigmentation 

1 

Mil  -  -MPatient  aged  83 
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Prostate: 


An  83-year-old  man.  Key  No.  66,  who  was  reputedly  at  1800  meters,  has 
an  edenocarcinoma,  grade  1,  in  the  prostate.  The  testes  of  this  patient, 
despite  his  age,  are  among  the  very  few  that  show  no-  evidence  of  atrophy. 

In  Key  No.  50,  an  emaciated  31-year-old  man  dying  on  the  100th  day,  in  whom 
the  testes  are  extremely  atrophic,  the  prostate  is  also  remarkably  small 
grossly  as  are  the  acini  and  epithelial  cells  histologically  (figure  168). 
Ovaries : 

In  2  premenstrual  females  who  wero  within  1500  meters  numerous  primary 
follicles  are  still  present.  Developing  follicles  are  absent  in  2  in  whom 
both  corpora  albicantia  and  primary  follicles  are  in  evidence.  There  is  much 
less  apparent  atrophy  than  in  the  male. 

Brain;. 

Suppurati  e  complications  are  relatively  frequent.  There  are  in  this 
group,  2  patients  with  suppurative  meningitis  and  one  with  a  cerebral  abscess. 
The  latter  may  possibly  be  a  tuberculous  lesion  since  the  patient  had  caseat- 
ing  pulmonary  tuberculosis  but  histological  sections  are  not  available. 

It  may  be  that  some  of  the  lesions  interpreted  as  "hemorrhagic11  during 
the  early  stages  may  really  represent  infected  lesions.  Too  often  histolo¬ 
gical  sections  are  not  available  to  determine  this  matter  accurately.  In 
one  patient  in  Group. II,  the  medulla  definitely  contained  large  bacterial 
masses  (figure  120).  - 
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Ovaries 

Specimens  Available 
Pos tme  nopausal 
Premenarche 

Developing  follicles  absent, 
corpora  albicantia  present 

Hemorrhages 


Uterus  and  Tubes 

Specimens  available 
(microscopic) 

Endometrium  in  resting  place 

Myomata 

Po  stmo  nopausal 

Endometriosis  - 

Acute  Salpingitis 

Tuberculosis 

Chronic  vaginitis 


5 


GROUP  III 


Uterus  and  Tubes 


_  Hiroshima  Nagasaki 

311  312  321  322  311  312  321  322 


11^ 
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TABLE  43,  GROUP  III 


Brain 


Observations 

• 

Hiroshima 

Nagasaki 

311 

312 

321 

322 

311 

312  321  322 

Specimens  Available 
(gross) 

8 

1 

4 

3 

6 

2  16 

(microscopic) 

5 

0 

3 

1 

1 

Petechiae  of  cerebrum 

1 

1 

Suppurative  meningitis  with 

pup.  v 

2 

Abscess  of  occipital  lobe'" 

1 

Thrombus  in  superior 
longitudinal  sinus 

1 

Additional 

(Senile  plaques) 

1 

(Microgyria) 

1 

(Cystic  change  of  lenticular 
nucleus ) 

1 

""'Gross  only 
Adrenals ; 

The  atrophy  that  has  been  noted  previously  is  extreme  and  in  some 
cases  involves  all  layers  but  especially  the  glomerulosa  (figures  169  and 
170).  Aga  in  it  must  be  emphasized  that  these  patients  are  emaciated. 
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TABLE  14i,  GROUP  III 


Adrenals 


Observations 

Hiroshima 

Nagasaki 

311 

312 

321  322 

311 

312 

321 

322 

Specimens  Available 
(gross) 

9 

S 

3 

1 

5 

(microscopic) 

8 

5 

3 

1 

5 

Gross  evidence  of  loss  of 
lipoid,  no  microscopic  sections 
available 

1 

Atrophy  of  cortex  (especially  of 
glomei’ulosa) 

6 

1 

1 

5 

2 

1 

5 

Focal  fatty  changes  of  cortical 
epithelium 

1 

1 

1 

Focal  necrosis  of  cortical  epithelium 

1 

1 

Periadrenal  hemorrhages 

1 

1 

Hemorrhages  of  cortex 

1 

1 

1 

Chronic  passive  congestion 

2 

Additional 

Tuberculosis 

1 

1 

Thyroid? 

Occasionally  in  these  emaciated  individuals  the  thyroid  shows  variat- 

v  , 

ion  in  the  size  of  the  follicles*  There  are  many  minute  follicles  lined 
by  low  cuboidal  epithelium  and  thick  septa  of  connective  tissue  infiltrated 
with  lymphocytes  traverse  the  organ.  In  view  of  the  malnutrition,,  the  sig¬ 
nificance  of  this  lesion  is  difficult  to  assess.  Two  of  3  patients  shewing 
this  change  are  stated  to  have  been  beyond  1!?00  meters. 

116 


-II6- (8) 


TABLE  U5,  GROUP  III 


Thyroid 


Observations 

Hiroshima 

Nagasaki 

311 

312  321 

322 

311 

312 

321 

322 

Specimens  Available 

(gross)  8 

1  h 

2 

5 

3 

1 

6 

(microscopic)  1* 

0  0 

1 

k  . 

2 

1 

5 

Slight  thickening  of  interstital  1 
tissue,  and  lymphocytic  infiltration 

2 

1 

2 

GROUP  III 
Pituitary 

Six  pituitaries  are  available  in  histological  sections.  In  Key  No,  5>0, 
figures  171  and  172,  the  basophilic  cells  are  remarkable  for  their  large  size, 
A  few  are  vacuolated.  They  are  present  in  groups  in  all  parts  of  the  gland. 
The  eosinophilic  cells  on  the  contrary  are  minute  and  inconspicuous.  The 
changes  in  this  gland  are  much  less  striking  than  in  Key  No.  h2,  figures  123 
and  12U.  The  testis  of  Key  No.  30  is  Illustrated  in  figure  167. 

One  other  pituitary  showed  slight  vacuolation  of  the  basophiles,  whose 
number,  however,  was  small.  The  patient  was  a  78  year  old  woman.  This  change 
is  constantly  found  in  senile  females  (Severinghaus,  loe.  cit*). 

Neck  Organs;  - 

Necrosis  of  the. tonsils  may  occur  in  this  group,  but  it  is  usually  focal 
rather  than  diffuse.  There  is  only  .one  case  available  with  microscopic 
sections  showing  aplastic  necrosis  but  here  there  is  hypoplasia  of  the  bone 
marrow  (Type  A).  The  patient  died  17  Sept.  191$, (figure  17U).  In  some  cases 


-117- (8) 


117 


\ 


where  microscopic  sections  are  available  and  the  marrow  is  not  aplastic, 
polymorphonuclear  cells  are  found  within  the  necrotic  tissue  lining  the 


crypts.  There  is  no  hemorrhage.  Necrotizing  gingivitis 

in  evidence.  There  is  usually  no  necrosis  of  the  larynx 

‘  TABLE  b6,  GROUP  III 

Neck  Organs 

still  occasionally  : 

or  epiglottis. 

Observations 

Hiroshima 

Nagasaki 

311  312  321 

322 

311 

312  321  322 

Specimens  Available 

7  1  b 

2 

6 

3  16 

Gingivitis  (all) 

3 

1 

1 

(hemorrhagic) 

2 

(necrotizing) 

1 

1 

Necrotizing  focal  tonsillitis 

b  1  2 

1 

Scars  of  tonsils 

1 

Chronic  glossitis 

1 

Laryngitis 

1 

Skin: 


Petechiae  in  these  late  cases  are  rare.  Hair  follicles  in  this  group 
often  show  evidence  of  regeneration.  There  is  renewed  differentiation  of  the 
internal  root  sheath,  a  regrowth  of  the  papilla  and  decrease  in  the  thickness 
of  the  basement  membrane,  and  a  new  hair  shaft  burrows  its  way  outwards  through 
the  plug  of  keratinized  epithelium  at  the  mouth  of  the  follicle,  A  completely 
atrophic  follicle  showing  all  of  the  changes  described  in  Group  II  is  illus- 
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trated  in  figure  175.  In  figure  177  are  shown  the  beginnings  of  the  re¬ 
generative  process.  A  hair  well  advanced  in  regeneration  from  the  same 
patient  is  shown  in  figure  137.  This  process  of  atrophy  and  regeneration 
is  a  recapitulation  of  the  usual  processes  of  loss  and  replacement  of  the 
hair.  It  has  been  described  in  detail  by  Auburtin-*  (figure  178).  In  the 
adult  hair  usually  grows  from  the  same  root  for  3  or  h  years.  Then  there 
is  failure  of  differentiation  of  the  internal  root  sheath,  the  basement  mem¬ 
brane  thickens,  pigment  becomes  irregularly  distributed  and  the  hair  is 
extruded,  just  as  in  the  irradiated  individuals.  Regeneration  takes  place 
apparently  from  the  same  follicle  and  the  keratinized  tip  of  the  new  hair 

l 

capped  with  a  new-  internal  root  sheath  burrows  its  way  through  the  old  plug 
at  the  mouth  of  the  follicle.  In  the  irradiated  individual  the  process  is 

N 

condensed  in  time  and  involves  the  great  majority  of  follicles  at  a  blow. 
Perhaps  also  in  these  follicles  the  atrophy  is  more  complete,  the  thickening 
of  the  glassy  membrane  is  greater,  but  regeneration  nevertheless  occurs. 
Regeneration  is  evident  clinically  in  individuals  with  severe  epilation 
within  7  weeks  after  the  explosion. 

In  emaciated  individuals  of  this  group  decubitus  ulcers  occasionally 
occur,  as  is  to  be  expected, 

•KAuburtin,  G.  Veber  physiologische  und  pathologische  Verschiedenheiten  des 
Haarhodens.  Inaug,  -  Dissert.,  Berlin,  1895. 

Auburtin,  G.  Das  Vorkomnen  yon  Kolbenhaaren  und  die  Veranderungen  derselben 
beim  Haarwiederersatz.  Archiv  f.  mikroskop.Anatomie:  hi :  U72-500,  1896, 
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TABLE  h7,  GROUP  III 


Skin 

Observations 

Hiroshima 

*» 

Nagasaki 

311 

312 

321 

322 

311 

312 

321 

322 

Specimens  available 

9 

1 

h 

3 

6 

3 

1 

6 

Epilation 

5 

l 

1 

2 

1 

3 

Hemorrhages 

3 

2 

1 

Decubitus  ulcers 

1 

1 

3 

2 

2 

Eczema 

l 
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Appendix  1  (8H) 

A  Case  of  Monocytic  Leukemia 
Case  Report*:  M.  Matsuo,  Autopsy  Key  #224 
This  19-year-old  schoolboy  was  at  a  munitions  factory  in  Nagasaki, 
approximately  1  kilometer  removed  from  the  center.  He  lost  consciousness 
and  sustained  a  slight  burn  of  the  right  leg  at  the  bombing.  A  few  days 
later  he  suffered  from  anorexia  but  gradually  recovered. 

On  28  August  epilation  appeared  and  on  3  September  there  was  fever 
accompanying  the  onset  of  petechiae  and  sore  throat. 

He  was  adroit  ted  to  the  hospital  on  8  September.  At  this  time  there 
were  petechiae  over  the  whole  body,  particularly  upon  the  abdomen.  The 
pharynx  was  congested  but  there  was  no  necrosis.  At  this  time  there  was 
a  marked  decrease  in  the  red  count  although  the  hemoglobin  was  100  per 
cent.  There  was  marked  leukopenia  and  the  sedimentation  rate  was  in¬ 
creased,  The  nucleated  cells  of  the  marrow  were  only  22,600  and  there  was 
an  excess  of  lymphocytes  and  plasma  cells.  Vitamin  B  and  liver  extract 
were  administered  and  the  bones  were  irradiated  with  "ultra  short  wave." 

He  improved,  the  white  count  reaching  5500  shortly  before-  his  discharge 
on  30  September  1945.  His  red  count  was  now  3.29  with  77  per  cent 
hemoglobin. 

He  returned  to  school  after  leaving  the  hospital  and  had  no  complaints. 
For  3  days  after  4  November  he,  worked  hard  a,t  the  rice  harvest  and  com- 

^Abstracted,  in  part,  from  "Report  of  a  Case  of  Monocytic  Leucenia.  Occurring 
Following  the  'Atomic  Bomb  Disease'"  by  Dr.  Tando  Misao,  Dr.  Yoshimichi 
Harada  and  Dr.  K.  Hat tori,  *  Faculty  of  Medicine,  Kyushu  Imperial  University, 
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plained  of  a  tired  feeling.  On  the  evening  of  6  November  there  was  a 
sensation  of  fever  accompanied  by  headache,  swelling  of  the  gums  with 
bleeding,  pharyngitis  with  pain  in  the  throat  and  difficulty  in  swal¬ 
lowing  . 

The  next  day  he  had  a  high  fever  and  there  were  petechiae  of  the 
extremities.  On  9  November  he  had  some  sanguineous  stools  and  was 
re-admitted  to  the  hospital  on  12  November. 

At  this  time  his  pulse  rate  was  elevated  to  120.  There  was  edema  . 
and  pallor  of  the  face.  Petechiae  were  scattered  everywhere.  The  gums 
were  swollen.  Petechiae  were  noted  on  the  mucous  membrane  of  the  cheek. 

The  soft  palate,  particularly  on  the  right  side,  was  remarkably  swollen 
and  was  partly  covered  with  a  thick  white  membrane,  There  was  gangrene 
of  the  right  tonsil.  Erosions  were  seen  on  the  nasal  mucous  membrane  and 
there  was  hemorrhage  from  the  drum  of  the  left  middle  ear.  Hemorrhages 
were  seen  also  on  each  retina.  The  lymph  nodes  of  the  neck  were  enlarged 
to  the  size  of  the  thumb  and  several  axillary  nodes  of  this  size  were  also 
seen.  Both  the  liver  and  spleen  were  found  to  be  slightly  below  the  costal 
margin  upon  clinical  examination. 

Laboratory  examinations  showed  a  few  red  blood  cells  in  the  urine. 

The  stools  were  tarry  and  diarrheal  and  were  strongly  positive  for  blood. 
Hematologic  examination  showed  a  white  count  of  390,000  with  a  predominance 
of  cells  thought  to  be  monocytes.  Eighty-one  per  cent  of  these  cells 
phagocytized  charcoal  in  living  preparations.  Two  and  one-half  per  cent 
of  all  cells  were  positive  by  the  peroxidase  reaction  and  -0.9  per  cent  of 
the  monocytes  were  positive.  At  this  time  the  nucleated  cells  of  the  marrow 
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numbered  566,1*00  per  cubic  millimeter.  Ninety-one  and  two-tenths  per  cent 
of  them  consisted  of  monocytes,  including  many  young  forms.  A  few  of 
these  cells  were  in  mitosis  and  some  vacuolated  forms  were  also  found.  The 
hepatic  and  splenic  punctures  showed  cells  of  similar  type. 

Course  in  Hospital:  His  temperature  was  sustained  at  39°  to  1*0°  C. 
and  the  pulse  rate  was  100  to  120.  He  was  given  1000  cc.  of  Ringer's 
Solution,  vitamins  B  and  C,  "cardiac  tonics"  and  gargles.  At  approximately 
0130  of  16  November  dyspnea  appeared,  the  respiratory  rate  being  1*1*  to  1*8 
and  there  was  tachycardia  of  ll*0  to  160,  and  he  died  a  few  hours  later  in 
collapse. 

The  important  laboratory  and  temperature  data  are  summarized  in  the 
accompanying  chart. 

Findings  at  Necropsy:  Gross  Notes:  There  were  petechiae  of  the  skin,- 
pericardium,  pleura,  peritoneum,  Glisson's  capsule,  renal  pelves,  pharynx, 
esophagus,  large  intestine  and  submucosa  of  oral  cavity.  Approximately 
100  cc.  of  fluid  blood  were  found  in  the  peritoneal  cavity.  Small  foci  of 
hemorrhage  were  seen  in  the  pulmonary  parenchyma.  There  was  necrosis  of 
the  right  tonsil  and  a  gray  membrane  involved  both  tonsillar  regions  and  the 
soft  palate.-  On  the  mitral  valve  a  few  verrucous  masses  were  seen.  Focal 
pneumonia  was  found  in  the  lower  lobe  of  the  right  side.  The  spleen 
weighed  230  grams  and  on  the  cut  surface  had  an  irregularly  mottled,  dark 
red  appearance.  The  trabeculae  were  indistinct.  The  lymph  nodes  of  the 
cervical,  mediastinal  and  axillary  regions  were  enlarged  as  were  those  of 
the  stomach  and  intestines.  Hemorrhagic  erosions  and  small  ulcers  were  seen 


throughout  the  gastrointestinal  tract.  Pyramidal  yellow-gray  zones 
were  found  in  the  kidneys  which  were  thought  to  be  infarcts. 

Microscopic.,  Notes ; 

Large  numbers  of  mononuclear  cells  are  found  throughout  most  of  the 
tissues.  The  cells  occur  in  closely  compacted  groups  and  consequently 
some  are  polygonal  in  outline,  and  an  occasional  cell  has  a  spindle  shape. 
Most  of  the  cells  present  spherical  or  slightly  indented  nuclei  with 
prominent  nucleoli.  The  cytoplasm  is  apparently  much  less  abundant  than  in 
the  cells  as  seen  in  the  peripheral  blood.  In  many  places  groups  of  the 
atypical  cells  have  become  necrotic. 

Such  mononuclear  infiltrations  are  situated  among  the  muscle  fibres 
of  the  heart,  some  of  which  consequently  have  become  atrophic.  The  small 
blood  vessels  of  the  interstitium  also  are  filled  with  atypical  cells. 

The  walls  of  the  alveoli  of  the  lungs  are  thickened  by  large  numbers 
of  the  atypical  mononuclear  cells.  There  is  also  focal  necrosis  about  the 
bronchioles,  whose  walls  also  have  become  necrotic.  Polymorphonuclear 
cells  are  not  seen. 

In  the  liver  the  pericentral  sinusoids  are  especially  involved  and 
there  are  only  occasional  mononuclear  cells  in  the  periportal  connective 
tissue.  The  'hepatic  cell  cords  at  their  central  ends  have  become 
strikingly  atrophic . 

In  the  intestines  there  are  tremendous  submucosal  infiltrations,  but 
these  are  fewer  in  the  mucosa.  The  latter,  however,  has  become  necrotic 
in  large  foci  in  many  places. 
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In  striated  muscle  there  is  massive  infiltration  of  cells  among  the 
fibres,  some  of  which  have  become  atrophic.  Occasionally  one  of  the 
mononuclear  elements  is  found  in  mitosis.  Groups  of  cells  have  become 
necrotic  but  for  the  most  part  the  tissue  is  well-preserved. 

In  the  pharynx  there  are  striking  infiltrations  in  subepithelial 
position.  The  epithelium  in  the  section  available,  however,  appears 
intact. 

Large  interstitial  and  perivascular  infiltrations  are  found  throughout 
the  kidneys.  Many  cells  of  the  mononuclear  type  also  occupy  a  subcapsular 
position. 

The  lymph  nodes  consist  of  solid  masses  of  the  mononuclear  cells 
which  have  previously  been  described.  There  are  large  foci  of  necrosis. 

The  small  fragment  of  marrow  that  is  available  contains  only  a  few 
large  fat  cells.  There  are  large  septa  composed  of  masses  of  mononuclear 
cells;  these  have  the  same  morphology  as  they  have  elsewhere  In  the  tissues. 
No  islands  of  erythropoietic  or  myelopoietic  tissue  of  the  usual  type  are 
seen. 

The  vessels  of  the  brain  contain  large  mononuclear  cells  in  massive 
numbers;  there  is  no  interstitial  infiltration  in  this  organ. 
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Notes  on  Case  of  Monocytic  Leukemia  by  Consulting  Hematologists : 

The  smear  and  the  sections  were  submitted  first  to  Professor  Downey, 
then  to  Professor  Bloom  for  examination.  Dr.  Downey  was  in  agreement  that 
monocytic  leukemia  was  the  proper  diagnosis  on  the  basis  of  the  predominant 
cell  type.  However,  he  felt  after  study  that  it  was  a  Schilling  type  - 
properly  designated  reticuloendotheliosia.  He  pointed  out  cell  types 
where  this  seemed  evident  to  him.  There  were  preponderantly  "reticular 
like"  forms  in  the  peripheral  blood.  Because  of  the  close  packing  of  the 
leukemic  cells  in  the  tissues  he  was  unable  to  observe  any  isolated 
instances  of  the  reticular  "budding"  or  proliferation  which  he  believes 
is  a  usable  feature  of  the  state. 

Dr.  Bloom,  on  the  other  hand,  while  agreeing  with  the  diagnosis 
of  monocytic  leukemia,  contended  that  it  was  the  Naegeli  type,  with  the 
monocytes  originating  from  blasts  in  the  myeloid  apparatus. 

Neither  would  express  an  opinion  on  the  probable  relation  to  the 
effects  of  ionizing  radiation. 
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Appendix  2  (8H) 

PATHOLOGIC  CHANGES  IN  THE  EYE 
By;  Helenor  Campbell  Wilder 

The  following  observations  were  based  on  the  microscopic  examination 
of  18  eyes  removed  at  autopsy  from  Japanese  who  died  24  to  33  days  follow¬ 
ing  the  Hiroshima  bombing.  The  eyes  had  been  sectioned  in  Japan  and  only 
a  single  microscopic  slide  and  celloidin  block  of  each  was  submitted  to 
this  Laboratory.  In  no  instance  was  an  entire  globe  or  both  eyes  of  a 
patient  received.  It  is  possible  that  pathologic  changes  other  than 
those  noted,  in  the  sections  examined  may  have  been  present  in  areas  not 
available  for  study. 

Three  pathologic  conditions  were  observed  which  appeared  directly  or 
indirectly  related  to  irradiation:  cataract  must  be  considered  the  'direct 
effect  of  irradiation;  hemorrhage  the  result  of  blood  dyscrasia;  septic 
choroiditis  the  result  of  the  subsequent  severe  infections  accompanied  by- 
sept  icemia. 

Degenerative  changes  in  some  degree  were  seen  in  the  lenses  of  15  eyes. 
These  were  limited  to  the  cortical  fibers  and  were  usually  most  prominent 
at  the  posterior  pole.  Here  the  fibers:  were  swollen  and  pale  staining. 
Vacuoles  of  various  sizes  appeared  immediately  beneath  the  capsule  which 
was  wrinkled  over  areas; of  more  advanced  degeneration  (Fig.  1  and  2). 
Anteriorly. and  at  the  equator  the  changes  were  usually  less'  marked,  the 
vacuoles  smaller  and  the  overlying  subcaps ular  epithelium  was  intact  (fig  3). 

'  -  -127  '  (8H) 


128 


In  two  instances  (Key  No.  22  and  43)  the  lens  was  not  included  in  the 
blocks  and  in  one  (Key  No.  43)  it  appeared  normal. 

Although  degenerative  changes  may  occur  in  the  lens  rather  soon  after 
death,  the  brief  period  which  elapsed  between  death  and  autopsy  in  these 
cases,  the  excellent  preservation  of  other  structures  of  the  eyes,  parti¬ 
cularly  of  the  retinas,  and  the  rather  marked  degree  of  cortical  degenera¬ 
tion,  indicated  that  the  cataracts  were  due  to  irradiation,  rather  than  to 
postmortem  degeneration. 

In  one  eye  (Key  No.  29)  a  conjunctival  hemorrhage  (fig.  4) >  noted 
clinically,  was  identified  on  microscopic  examination.  The  surrounding 
conjunctival  stroma  was  infiltrated  by  mononuclear  cells. 

A  small  preretinal  hemorrhage  (fig.  5)  was  found  in  one  eye  (Key. 

No,  28)  and  a  few  red  blood  cells  were  seen  streaming  out  into  the  vitreous 
chamber.  In  one  retina  (Key  No.  28)  there  was  a  small  area  in  which  the 
nerve  fibers  appeared  swollen  (fig.  6).  This  may  have  represented  a 
region  of  edema. 

Septic  choroiditis*  was  present  in  17  eyes.  This  was  manifested  by 

*Friedenwald,  J.  S.,  and  Rones,  B.,  Arch,  of  Ophthal.,  5:  175-138,  1933. 
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infiltration,  particularly  of  the  posterior  choroid,  by  largo  mononuclear 
cells,  a  scattering  of  lymphocytes  (figs.  7  and  8),  and  occasional  plasma 
cells  and  Russell  bodies  (fig.  9).  Large  mononuclear  cells,  similar  to 
those  which  in  varying  degrees  infiltrated  the  choroidal  stroma,  fre¬ 
quently  packed  choroidal  veins  (fig.  10)  but  were  rarely  seen  in  the 
arteries.  In  one  case  (Key  No,  39)  bacilli,  resembling  those  found  in 
the  bone  marrow  of  the  same  patient,  engorged  many  of  the  capillaries  of 
the  choriocapillaris  (fig.  11). 

In  the  absence  of  reports  of  ophthalmoscopic  examination  of  these 
18  eyes,  it  is  not  known  whether  cataracts,  retinal  hemorrhages  and 
exudates,  or  other  intra-ocular  pathologic  conditions  were  observed 
clinically. 
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Fig.  1 — (8).  Autopsy  Key  #  1.  Harada.  Age  13.  Male.  1300  meters. 
Died  9  August  19^5*  3d  day.  ,  Lung.  Emphysema  and  atelectasis.  Edema  of 
pleura.  X  100.  (Photo  File  #  HM  104:  A.M.M.  Accession  #158930-73*) 


Fig.  2 — (8).  Autopsy  Key  #k.  Kume.  Age  32.  Male.  1000  meters.  Died 
12  August  19^5,  6th  day.  Edema  of  peribronchial  and  perivascular 
tissues.  Thickening  of  some  interalveolar  septa  resulting  from  edema 
and  swelling  of  the  cells  lining  the  alveoli.  Emphysema  of  other  alve¬ 
oli.  X  125.  (Photo  File  #  HM  135  >  A.M.M.  Accession  #158930~76.) 
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Fig.  3--(8).  Autopsy  Key  #  2.  Onishi.  Age  24.  Male.  800  maters. 
Died  10  August  194^,  4th  day.  Spleen.  Marked  shrinkage  of  malplghlan 
body.  Disappearance  of  lymphooytes  and  of  oells  from  Billroth's  cords, 
Acidophilic  refractile  material  in  subendothelial  position  of  central 
vessel.  X  100.  (Photo  File  #  BM  102;  A.M.M.  Accession  #158930-74.) 


Fig.  4--(8).  Autopsy  Key  #  2.  Onishi.  Age  24.  Male.  800  meters. 

Died  10  August  19^5,  4th  day.  Spleen.  Disappearance  of  lymphocytes 

from  sites  of  malpighian  corpuscles.  "Necrobiosis"-  of  lymphocytes  and  3 

of  larger  (germinal  center?)  cells.  Acidophilic  refractile  material  « 

in  subendothelial  tissues  of  central  arteries.  X  400.  (Photo  File 

#  HM  100  (K);  A.M.M.  Accession  #158930-75. ) 
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Fig.  5 — (8).  Autopsy  Key  #  3.  Sakuma.  Age  15.  Male.  1000  meters. 
Died  11  August  1945,  5th  day.  Spleen.  Malpighian  corpuscle.  Paucity 
of  lymphocytes .  Giant  cell  resembling  Beed  Sternberg  cell.  Hemorrhage 
in  and  about  malpighian  follicle.  X  165.  (Photo  File  #HM  107  (K)j 
A.M.M.  Accession  #  158930-75. ) 
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Fig.  6—  (8).  Autopsy  Key#  3.  Sakuma.  Age  15.  Male  1000  meters. 

Died  11  August  19^5,  5th  day.  Spleen.  Erythro-phagocytosis .  Atypical 
large  mononuclear  cells.  X  750.  (Photo  File  #  HM'  120  (K);  A.M.M. 
Accession  #158930-75  and  -74.) 
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Fig.  7 — (8).  Autopsy  Key  #  3-  Sakuma.  Age  15'.  Male.  1000  meters. 

Died  11  August  19^5*  5th  day.  Spleen.  Knot  of  reticulum  cells  at  center 
Large  atypical  mononuclear  elements.  Group  of  minute  nuclei.  X  350. 
(Photo  File  #  EM'  121  (K)j  A.M.M.  Accession  #  158930-75- ) 


Fig.  8 — (8).  Autopsy  Key  #  9-  Sakamoto.  Age  25.  Male.  1500  meters. 
Died  14  August  194-5,  8th  day.  Very  slight  burns.  .  Tissue  in  neighbor¬ 
hood  of  central  arterioles.  Only  rare  lymphocytes  are  present.  Numer¬ 
ous  large  atypical  mononuclear  elements,  some  in  mitosis.  X  400. 

(Photo  File  #  HM  138;  A.M.M.  Accession  158930-81.) 


Fig.  9 — (8).  Autopsy  Key  #  98*  Tamai.  Age  19.  Male.  Distance  unknown 
Died  l6  August  19^+5 >  10th  day.  Lymph  node.  Collapsed  reticular  skelton 
supporting  a  very  few  mature  lymphocytes.  X  l60.  (Photo  File  #  EM  282; 
A.M.M.  Accession  I5893O-IU5.) 


Fig.  10 — (8).  Autopsy  Key#  3.  Sakuma.  Age  15 .  Male.  1000  meters 
Died  1.1  August  19^5>  5th  day.  Prepancreatic  lymph  nodes.  Only  a  few 
lymphocytes  remain.  No  germinal  centers.  Compacted  reticulum.  X  90 
(Photo  File  #  HM  111;  A.M.M.  Accession  158930-75.) 


Fig.  11 — (8).  Autopsy  Key  #  3.  Sakuma.  Age  15.  Male.  1000  meters. 

Died  11  August  19*1-5,  5th  day.  Prepancreatic  lymph  node.  Only  a  few 
mature  lymphocytes  remain.  Compacted  reticulum.  A  few  atypical  large 
free  cells,  one  with  peculiar  nuclear  figure,  perhaps  in  atypical  mitosis. 
X  350.  .  (Photo  File  #  HM  110;  A.M.M.  Accession  158930-75.) 
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Fig.  12 — (8).  Autopsy  Key#  5.  Yano.  Age  39*  Male.:  1000  meters. 

Died  12  August  19^5*  6th  day.  Bone  marrow  derived  from  long  hone. 
Beticulum  cells.  Plasma-like  cells.  Some  large  cells  intermediate  in 
appearance  between  the  latter  and  the  reticulum  cells.  No  normal  hema¬ 
topoietic  tissue.  Erythrophagocytosis  by  some  of  the  reticular  elements. 
This  is  the  earliest  histological  specimen  of  bone  marrow  available.  It 
would  be  classified  as  marked  hypoplasia,  "Type  A,"  (see  Group  II).  X  650 
(Photo  File  #  HM  131,  (K);  A.M.M.  Accession  158930-77  and  -68.) 


Fig.  13— (8).  Autopsy  Key  #  98.  Tamai.  Age  19.  Male.  Distance  un¬ 
known.  Died  l6  August  1945,  10th  day.  Bone  marrow,  sternum.  Hypoplasia. 
Plasma  cells  arranged  adventitially  in  relation  to  the  sinusoids.  Some 
large  cells  intermediate  in  appearance  Between  the  plasma  cells  and  ele¬ 
ments  of  the  reticulum.  This  is  the  earliest  histologic  specimen  of 
marrow  available  from  a  bone  where  there  is  usually  active  hematopoiesis. 
Its  classification  is  "marked  hypoplasia"  "Type  A"  (see  Group  II).  X  400. 
(Photo  File  #  HM  283  (K);  A.M.M.  Accession  158930-145.) 


Fig.  lk—(8).  Autopsy  Key  #  100.  Ueki.  Age  32.  Female.  Distance  un¬ 
known.  Died  18  August  194-5,  12th  day.  Bone  marrow.  Many  plasma  cells. 
Focal  hyperplasia  of  reticulum.  Some  cells  intermediate  in  appearance 
"between  plasma  cells  and  elements  of,  the  reticulum.  The  atypical  plasma- 
cytoid  differentiation  is  remarkable.  No  erythropoietic  tissue  or  mega¬ 
karyocytes  are  in  evidence.  This  marrow  is  classified  as  "marked  focal 
reticulum  hyperplasia, "  Type  B  (see  Group  II).  X  400.  (Photo  File  #  BM 
28k  (K)j  A.M.M.  Accession  158930-147.) 
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Fig.  15 — (8).  Autopsy  Key  #5.  Yano.  Age  39*  Male.  1000  meters.  Died 
12  August  1945 >  6th  day..  Ileum.  Epithelial  cell  with  enormous  nucleus 
at  base  of  crypt.-  Eelatively  abundant  plasmacytoid  cells  in  the  lamina 
propria.  X  8l0.  (Photo  File  #  EM  127;  A.M.M.  Accession  158930-77  and 


-68.) 
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Fig.  1 6 — (8).  Autopsy  Key#  5.  Yano.  Age  39-  Male.  1000  meters. 
Died  12  August  1945,  6th  day.  Ileum,  epithelial  cell  of  intestinal 
gland.  Irregular  clumping  and  scattering  of  chromosomes  in  cell  that 
is  in  process  of  mitosis.  X  810.  (Photo  File  #  HM  128;  A. M.M.  Ac¬ 
cession  158930-77  and  -68.) 
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Fig.  17A — (Section  8).  Autopsy  Key  #  175  (Nagasaki).  Yamada.  Age  l8. 
Female.  Distance  unknown.  Died  20  August,  11th  day.  Intestine.  Atypi' 
cal  epithelial  cells  at  base  of  crypt.  X  600.  (Photo  File  NM159J  A.M.M 
Accession#  158930"  175*) 


Fig.  17B — (Section  8).  Autopsy  Key  #  175  (Nagasaki).  Yamada.  Age  18. 
Female.  Distance  unknown.  Died  20  August,  11th  day.  Intestine.  Super¬ 
ficial  ulcers  lined  by  masses  of  "bacteria.  Edema  of  submucosa.  No  leuko 
cytic  infiltration.  X  25.  (Photo  File  NM  l60;  A.M.M.  Accession  #158930- 
175.) 


Fig.  18 — (8).  Autopsy  Key  #2.  Onishi.  Age  24.  Male.  800  meters.  Died 
10  August  194-5,  4th.  day.  Liver.  Central  congestion.  Fibrosis  of  peri¬ 
central  tissues.  Large  nuclei  in  the  cells  of  the  cords  nearest  the  central 
venules.  X  250.  (Photo  File  #  HM  126,  (K)j  A.M.M.  Accession .158930-7^  and 

-T5.)  '  ■  .  .  ■  ;  •  ■-  >  . 


Fig.  19 — (8).  Autopsy  Key  #  9*  Sakamoto.  Age  25.  Male.  1500  metefrs. 
Died  14  August  19^5,  8th  day.  Kidney.  Venules  at  cortico-medullary  June 
tion  containing  large  mononuclear  cells,  one  in  mitosis.  Z  kOO.  '  (Photo 
File  #  HM  137,  (K);  A.M.M.  Accession  158930-81.) 


Fig.  20 — (8).  Autopsy  Key  #12.  Komiya.  Age  33-  Male.  700  meters.  Di< 
15  August,  9th  day.  Kidney.  Sinusoids  of  outer  section  of  medulla  con 
taining  small  and  large  mononuclear  elements.  X  115 .  (Photo  File  #  HM 
255;  A.M.M.  Accession  158930-85.) 


Fig.  21— (8).  Autopsy  Key  #  2.  Onishi.  Age  24.  Male.  800  meters.  Died 
10  August,  4th  day.  Testis.  Sloughing  of  spermatogonia  from  basement  mem¬ 
brane  whereon  rest  increased  numbers  of  Sertoli  cells.  Decreased  numbers 
of  spermatids  and  mature  spermatozoa  in  lumina  of  tubules.  Mitotic  figures 
are  relatively  rare:  X  l6o.  (Photo  File  #  HM  122,  (K);  A.M.M.  Accession 
158930-74  and  -75.) 


Fig.  22 — (8) .  Autopsy  Key#  2.  Onishi.  Age  24.  Male.  800  meters. 

Died  10  August,  4th  day,  Rete  testis.  The  lumina  of  the  tubules  contain 
not  only  the  mature  spermatozoa  but  also  the  remnants  of  their  precursors 
that  have  sloughed  away  in  various  stages  of  necrosis.  X  230.  (Photo  File 
#HM  123,  (K);  A.M.M.  Accession  158930-74  and  -75.) 


Fig.  2k — (8).  Autopsy  Key  #  1.  Harada.  Age  13.  Male.  1300  meters.  Died 
9  August  19%>>  3d  day.  Thymus.  Scarcity  of  mononuclear  cells.  X  165. 
(Photo  File  #  BM  105;  A.M.M.  Accession  158930-73-) 


Fig.  25— (8).  Autopsy  Eey  #98.  Tamai.  Age  19.  Male.  Distance  unknown. 
Died  16  August  19^5,  10th  day.  Wall  of  pharynx.  Remarkable  swelling, 
vacuolation,  fragmentation,  and  desquamation  in  the  squamous  epithelium. 
Edema  of  connective  tissues.  Atrophy  of  lymphoid  tissue.  Tremendous 
lymphectasia.  Occasional  plasma  cells  and  large  mononuclear  cells 
scattered  throughout  the;  areolar  tissue.  X  100.  (Photo  File  #  HM  336 
(K);  A.M.M.  Accession  158930-145. ) 
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Fig.  26--(8) .  Autopsy  Key#  98-  Tamai.  Age  19.  Male.  Distance  un¬ 
known.  Died  l6  August  19^5,  10th  day.  Pharynx.  Epithelial  swelling  and 
fragmentation.  Edema  of  wall.  X  450.  (Photo  File  #  HM  332,  (K);  A.M.M. 
Accession  158930-145.) 
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Fig..  27 — (8)..  Autopsy  Key  #  98.  Tamai.  Age  19.  Male..'  Distance  un¬ 
known.  Died  l6  August  1945,  10th  day.  Swelling  and  vacuolation  of  some 
squamous  epithelial  cells.  Atrophy  of  others.  Swelling  and  loss  of 
staining  qualities  of  nuclei.  Micronuclei  (?)  in  one  cell  near  surface. 
Parakeratosis  at  surface.  Dilatation  of  lymphatics  and  edema  of  tongue. 
X  130.  (Photo  File  #  HM  330,  (K);  A.M.M.  Accession  158930-145.) 

e 


1^9 


.  'Vi 


Fig.  29 — (8).  Autopsy  Key#  5.  Yano.  Age  39*  Male.  1000  meters.  Died 
12  August  1945,  6th  day.  Skin,  burned  zone.  Bacterial  mass  within 
erector  pili  muscle.  Squamous  metaplasia  of  epithelium  of  duct  of  sweat 
gland.  Vacuolation  and  shrinkage  of  acinar  cells  of  sweat  glands.  Thick¬ 
ening  of  basement  membranes.  Collapse  of  some  acini.  X  100.  (Photo  File 
#  HM  129;  A.M.M.  Accession  158930-77  and  -68.) 


Fig.  30 — (8)*  Autopsy  Key  #  3*  Sakuma.  Age  15.  Male.  1000  meters. 
Died  11  August  19^5,  5th  day.  Skin,  beneath  burn.  Edema  and  myxomatous 
change  of  connective  tissue.  Proliferation  and  swelling  of  histiocytic 
and  fibroblastic  elements.  X  100.  (Photo  File  #  HM  ll8,  (K);  A.M.M. 
Accession  158930-7^  and  -75-) 
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Fig.  31“”(8).  Autopsy  Key  #  3.  Sakuma.  Age  15.  Male.  1000  meters. 

Died  11  August  19^5,  5th  day.  Skin  from  turned  area.  Minute  thrombus  in 
blood  vessel  where  wall  has  undergone  necrosis.  The  exudate  is  almost  ex¬ 
clusively  of  large  mononuclear  cells.  X  350.  (Photo  File  #  HM  113;  A.M.M. 
Accessin  158930-75-) 
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Pig.  32 — (8).  Autopsy  Xfey  #  4.  Eume.  Age  32.  Male.  1000  meters. 
Sled  12  August,  6th  day.  Partly  burned  skin,  general  view.  Zone  of 
greatest  destruction  of  epithelium  at  "A."  Epithelium  partly  preserved 
at  "B. "  Note  depigmentation.  At  ”C, M  zone  of  hyperpigmentation.  X  15. 
(Photo  Pile  #  HM  134,  (K)j  A.M.M.  Accession  I5893O-T6.) 


Fig-  33-- (8).  Autopsy  Key  #  4.  Kume.  Age  32.  Male.  1000  meters.  Died 
12  August  1945,  6th  day.  Necrosis  of  epithelium.  Infiltration  with 
large  mononuclear  elements,  which  also  are  in  process  of  necrosis.  En¬ 
largement  of  Section  "A"  of  orientating  photograph.  X  100.  (Photo  File 
#  HM  133,  (K);  A.M.M.  Accession  158930-76.) 
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Fig.  3^ — (8).  Autopsy  Key  jf=  4.  Kume.  Age  32.  Male.  1000  meters.  Lied 
12  August  19^5,  6th  day.  Hyperpigmentation  of  skin  at  right.  Large 
numbers  of  stellate  melanophores  among  the  epithelial  cells.  Enlargement 
of  section  junctional  between  "B2"  and  "C"  of  the  orientating  view  (Fig¬ 
ure  32).  X  200.  (Photo  File  #  BM  132,  (K);  A.M.M.  Accession  158930-76.) 


Fig.  35 — (8).  Autopsy  Key  #  28.  Kawaura.  Age  22.  Male.  1000  meters. 
Died  1' September  19^5,  27th  day.  Heart:  radiation  effect,  aplastic 
anemia,  petechiae  in  epicardium.  (Photo  Pile  #  HS  307,  (K);  A.M.M.  Acces¬ 
sion  #  158930-92. ) 
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Fig.  36--(8).  Autopsy  Key#  43*  Horinouohi.  Age  33*  Male.  1000 
meters.  Died  7  September  19^5*  33d  day.  Heart  and! kidney.  1.  Intra-  and 
sub-capsular  hemorrhages  and  lntraparenchymal  petechlae  of  kidney.  2. 
Subendocardial  hemorrhage  of  left  ventricle  In  region  of  conduction  bun¬ 
dle.  (Photo  File  #  HB  326  b;  A.M.M.  Accession  #  15893O-IO7.) 


168 


Fig.  37— ( 8).  Autopsy  Key  #  29.  Murakami.’  Age  22.  Male.  1000  meters. 
Died  1  September  19^-5 >  27th  dc*y.  Heart.  Perivascular  and  interstitial 
infiltration  with  small  and  large  mononuclear  cells  and  plasma  cells. 

X  220.  (Photo  File  #HM  15^;  A.M.M.  Accession#  158930-93.) 
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Fig.  38 — (&)•  Autopsy  Key#  36.  Morita.  Age  21.  Female.  1000  meters. 
Died  3  September  19^-5*  28th  day.  Focal  necrotizing  bronchiolitis  and 
focal  necrotizing  aplastic  pneumonia  with  surrounding  hemorrhage.  (Photo 
File  #  HS  319;  A.M.M.  Accession  #  I5893O-IOO.) 


t 
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Fig.  39-- (&)•  Autopsy  Key  #  k-0.  Motoyama.  Age  29.  Male.  .1000  meters.  . 
Died  5  September,  30th  day.  Lung.  Focal  necrotizing  bronchiolitis  and 
focal  necrotizing  aplastic  pneumonia  with  surrounding  hemorrhage.  Fibrin¬ 
ous  pleurisy.  (Photo  File  #  HS  322  (K)j  A.M.M.  Accession  #  158930-104. ) 


I 


Fig.  40— (8).  Autopsy  Key  #4l.  Takano.  Age  22.  Male.  1000  meters. 
Died  5  September,  30th  day.  Lung.  Focal  necrotizing  aplastic  pneumonia ■ 
(Photo  File  #  HS  323;  A.M.M.  Accession  #  I5893O-IO5.) 
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Fig.  4l — (8).  Autopsy  Key  #44.  Araki.  Age  22.  Male.  1000  meters 
8 -September  19 45,  33d  day.  Lung.  Focal  necrotizing  bronchiolitis 
focal  pneumonia  with  surrounding  hemorrhage:  (Photo  File  #HS  329; 
Accession  #  158930-IO8. ) 


Died 

and 

A.M.M. 
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Fig.  42--(8).  Autopsy  Key  #  26.  Kitsunai.  Age  stated  variously  as  22 
or  28.  Male.  1000  meters.  Died  1  September  19^5*  20th  day.  Lung: 

Focal  necrotizing  bronchiolitis  and  focal  pneumonia  with  surrounding  hem¬ 
orrhage.  (Photo  File  #HS  305  a>  A.M.M.  Accession#  158930-90.) 
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Fig.  44 — (8).  Autopsy  Key  #  29-  Murakami.  Age  22  or  24.  Male.  1000 
meters.  Died  1  September  1945,  26th  day.  Lung:  Focal  necrotizing 
tuberculous  bronchiolitis  and  focal  tuberculous  pneumonia  with  surround¬ 
ing  hemorrhage.  Organizing  tuberculous  pleurisy.  (Photo  File  #  HS  311 
(K);  A.M.M.  Accession#  158930-93*) 
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Fig.  45 — (8).  Autopsy  Kby  #  21.  Iseoka.  Age  45.  Male.  1000  meters. 
Died  30  August  1945,  24th  day.  Lung.  Necrosis  of  bronchiole.  Bacterial 
masses  attached  to  wall.  Necrotizing  and  hemorrhagic  pneumonia.  X  100. 
(Photo  File  #  EM  145;  A.l&.M.  Accession  #  158930-85.) 
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Fig.  46 — (8).  Autopsy  Bay  #  47.  Naka.  Age  35-  Female.  800  meters. 
Died  24  August  1945,  l8th  day.  Lung.  Focus  of  "necrotizing  and  hemor¬ 
rhagic  aplastic  pneumonia."  Bacterial  masses  near  center  of  the  lesion. 
Lining  membrane  of  bronchiole  near  center  of  lesion  is  completely  necrot¬ 
ic.  X  50.  (Photo  File  #  HM  242;  A.H.M.  Accession  #  158930-111.) 
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Fig.  47 — (8).  Autopsy  Key  #  119.  Nagato,  Age  26.  Female.  1300 
meters.  Died  27  August  1945*  21st  day.  Lung .  Edema  of  pleura.  Necro¬ 
tizing  and  hemorrhagic  "aplastic  pneumonia j"  X  115.  (Photo  File  #  BM 
288  (K)j  A.M.M.  Accession#  I5893O-9.) 
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Fig.  48 — (8).  Autopsy  Key  #45-  Akagi.  Age  28.  Male.  1000  meters. 
Died  8  September  1945,  33d  day.  Bronchiole.  Part  of  epithelial  lining 
has  sloughed  away.  Lumen  is  filled  with  small  and  large  mononuclear 
cells  and  with  occasional  polymorphonuclear  leukocytes  and  stab  cells. 

X  130.  (Photo  File  #  HM  240;  A.M.M.  Accession  #  I5893O-IO9.) 
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Fig.  49 — (8).  Autopsy  Key  #  40.  Motoyama.  Age  29.  Male.  1000  meters. 
Died  5  September,  30th.  day.  Lung.  Necrotizing  and  hemorrhagic  pneu¬ 
monia.  Necrosis  of  portion  of  wall  of  blood  vessel.  This  indicates  a 
possible  mechanism  of  bacteremia.  X  130.  (Photo  File  #  HM  230;  A.M.M. 
Accession  #  158930-104.) 


Pig.  50 — (8)*  Autopsy  Key  #47.  Naka.  Age  35'.  Female.  800  meters. 
Died  24  August  1945,  l8th  day.  Spleen.  Malpighian  corpuscle.  Almost 
total  disappearance  of  typical  lymphocytes.  A  few  small  and  large  plas- 
macytoid  elements  remain.  Deposition  of  hyaline  homogeneous,,  acidophil¬ 
ic,  refract ile  material  beneath  endothelium  of  central  arteriole. 

X  135.  (Photo  File  #  EM  247,  (K);  A.M.M.  Accession  #  I58930-IH.) 
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Fig.  51 — (8).  Autopsy  Key  #  121.  Sakinishi.  Age  45.  Male.  1000 
meters.  Med  30  August  19V?,  24th  day.  Spleen.  Atrophy  of  lymphoid  ti| 
sue.  Atypical  large  mononuclear  elements.  Hyaline  changes-  in  vails  of 
central  arteries.  X  400.  (Photo  File  #  HM  306,  (K)j  A.M.M.  Accession 
#  158930-46.) 


Fig.  52 — (8).  Autopsy  Key#  35*  Takahashi.  Age  31*  Male.  1000 
meters.  Died  3  September,  28th  day.  Spleen.  Condensation  of  reticulum 
about  central  arteries  of  malpighian  corpuscles .  X  120.  (Photo  File 
#  HM  223,  (K)j  A.M.M.  Accession#  158930-99*) 


Fig.  53 — (8).  Autopsy  Key  #  35*  Takahashi.:  Age  31.  Male.  1000  meters. 
Died  3  September,  28th  day.  Spleen.  Condensation  of  syncytial  reticulum 
about  regenerating  malpighian  corpuscle.  Giemsa  stain.  X  235*  (Photo' 
File  #  HM  224,  (K);  A.M.M.  Accession  #  158930-35.) 
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Fig.  5^ — (8).  Autopsy  Key  #  35*  Takahashi,  Age  31*  Male.  1000  meters. 
Died  3  September,  28th  day.  Spleen.  Condensation  of  syncytial  reticulum 
at  margin  of  regenerating  malpighian  corpuscle.  Giemsa  stain.  X  400. 
(Photo  File  #  HM  225,  (K);  A.M.M.  Accession  #  158930-99.) 
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Fig.  55 — (8).  Autopsy  Key#  38.^'Kamih.ara.  Age  22.  Male.  1000  meters. 
Died  4  September,  29th  day.  Spleen.  Condensation  of  syncytial  reticulum 
at  periphery  of  regenerating  malpighian  corpuscle.  Beginnings  of  germi¬ 
nal  center.  See  Figure  56.  X  145.  (Photo  File  #  HM226,  (K);  A.M.M.  Acces 
sion  #  158930-102. ) 


Fig.  5 6 — (8).  Autopsy  Key  #38.  Kami hara .  Age  22.  Male.  1000  meters. 
Died  4  September,  29th  day.  Spleen.  Syncytial  reticulum  condensed  at 
margin  of  regenerating  malpighian  corpuscle.  At  the  right,  among  the  small 
lymphocytes,  are  large,  pale  cells  resembling  the  germinal  center  cells,  as 
well  as  the  reticulum  at  the  periphery.  Enlargement  of  Figure  55*  X  550. 
(Photo  File  #  HM  227;  A.M.M.  Accession  #  158930-102.) 


Fig.  58— (8).  Autopsy  Key  #  28.  Kavaura.  Age  23.  Male.  1000  meters. 
Died  1  September  19^-5*  26th  day.  Lymph  node.  Disappearance  of  lympho¬ 
cytes.  Numerous  mast  cells.  Giensa  stain.  X  500.  (Photo  File  #  BM  295 
(K);  A.M.M.  Accession#  158930-92.) 


Fig.  59— (8).  Autopsy  Key#  104.  Yoshitomi.  Age  l4.  Male.  1000  meters. 
Died  27  August  19^5,  21st  day.  Lymph  node.  Absence  of  germinal  centers. 
Mature  small  lymphocytes  are  very  few.  Numerous  large  lymphocytes,  cells 
with  the  morphology  of  lymphoblasts  and  some  elements  intermediate  in  ap¬ 
pearance  between  these  and  the  elements  of  the  reticulum.  X  115.  (Photo 
File  #  HM  286,  (K);  A.M.M.  Accession  #  158930-151.) 
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Fig.  60— (8).  Autopsy  Key  #  104.  Yoshitomi.  Age  l4.  Male.  1000  meters. 
Died  27  August  194-5,  21st  day.  Lymph  node.  Mature  small  lymphocytes  are 
very  few.  Numerous  large  lymphocytes,  cells  with  the  morphology  of  lympho¬ 
cytes  and  some  elements  intermediate  in  appearance  between  these  and  the 
elements  of  the  reticulum.  X  4-00.  (Photo  File  $  HM  285,  (K);  A.M.M.  Acces¬ 
sion  #  158930-151. ) 
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Fig.  6l— (8).  Autopsy  Key  #  30.  Kagashima.  Age:  variously  23  or  28. 
Male.  1000  meters.  Died  1  September,  26th  day.  Lymph  node.  General 
view.  Absence  of  secondary  follicles.  Very  few  small  lymphocytes  remain. 
Numerous  plasma  cells  and  larger  cells  intermediate  in  appearance  between 
them  and  the  elements  of  the  reticulum.  Large  mononuclear  cells  with 
vacuolated  cytoplasm  in  peripheral  sinusoid.  Thickening  of  capsule  by 
granulation  tissue.  X  120.  (Photo  File  #  HM  213;  A.M.M.  Accession 

#158930-9^.) 


Fig.  62r-(8).  Autopsy  Key  #  30.  Nagashima.  Age:  variously  23  or  28. 
Male.  1000  meters.  Died  1  September  19^5,  26th  day.  Lymph  node.  Pau¬ 
city  of  mature  typical  lymphocytes.  Numerous  plasma  cells  and  large 
cells  intermediate  in  appearance  between  these  and  the  elements  of  the 
reticulum.  Large  mononuclear  cells  with  vacuolated  cytoplasm  in  periph 
eral  sinusoid.  X  lj-30.  (Photo  File  #  BM  2lh,  (K);  A.M.M.  Accession 
#  158930 -9^.) 


Fig.  63— (8).  Autopsy  Key#  28.  Kawaura.  Age  22.  Male.  1000  meters 
Died  1  September  19%,  26th  day.  Lymph  node.  Near  edge  of  focus  of 
necrosis..  Large  mononuclear  elements  with  folded  nuclei,  probably  atyp 
ical  reticular  cells.  Occasional  plasma  cells.  Hemorrhage.  X  450. 
(Photo  File  #  BM  152;  A.M.M.  Accession  #  158930-92. ) 


Fig.  64— (8).  Autopsy  Key  #  119.  Nagado.  Age  26.  Female.  1300  meters 
Died  29  August  1945 >  23d-  day.  Bone  marrow.  Bib.  Extreme  hypoplasia. 
Type  A  marrow.  X  13.  (Photo  File  #  BM.340,  (K);  A.M.M.  Accession 
#158930-9.) 


Fig.  65— (8).  Autopsy  Key  #  39*  Takeuchi.  Age.  29.  Male.  1000 
meters.  Died  4  September  19^5*  29th  day.  Bone  marrow  (rib).  Hypo¬ 
plasia  (Type  A  marrow).  Beticulum  and  plasmacytoid  elements.  Giemsa 
stain.  X  180.  (Photo  File  #  HM  184,  (K);  A.M.M.  Accession  #  I5893O-IO3.) 


Fig.  66— (8).  Autopsy  Key  #  39-  Takeuchi.  Age  29.  Male.  1000  meters. 
Died  4  September,  29th  day.  Bone  marrow,  femoral.  Group  of  reticulum 
cells.  Giemsa  stain.  X  1200.  (Photo  File  #  BM  187,  (K)»  A.M.M.  Acces¬ 
sion  #  158930-103.) 
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Fig.  67 — (8).  Autopsy  Key  #  23.  Satoi.  Age  ?.  Male.  1000  meters.  Died 
31  August  1945,  25th  day.  Bone  narrow  (femoral).  Type  A  marrow.  General 
view.  Small  clumps  of  reticulum  cells  and  plasmacytoid  elements.  Occa¬ 
sional  megakaryocytes.  Giemsa  stain.  X  235*  (Photo  File  #  HM  191,  (K); 
A.M.M.  Accession#  158930-87.) 


Fig.  68 — (8).  Autopsy  Key#  28.  Eawaura.j  Age  23.  Male.  1000  meters. 
Died  1  September  19^-5  >  26th  day.  Bone  marrow.  Femoral  (Type  A  marrow) 
Beticulum  and  plasma  cells.  Erythrophagocytosis.  X  1000.  (Photo  File 
#  HM  200,  (K);  A.M.M.  Accession  #  158930-92.) 


Fig.  69 — (8).  Autopsy  Key#  25.  Shintaku.  Age  ?.  Male.  1000  meters 
Died  31  August  19^5,  25th  day.  Bone  marrow  (femoral).  General  view. 
Groups  of  reticulum  cells,  lymphocytes,  and  plasmacytoid  elements.  Is¬ 
lets  of  erythropoietic  tissue  persist.  Type  A  marrow.  X  230.  (Photo 
File  #  DM  195,  (K)j  A.M.M.  Accession  #  158930-89.) 


Fig.  70 — (8).  Autopsy  Key  #  27.  Onrura.  Age  22.  Male.  1000  meters. 
Died  1  September  19^5,  26th  day.  Bone  marrow,  sternum.  Reticulum  cells 
plasma  cells,  and  young  myelocytes.  X  1000.  (Photo  File  #  EM  250;  A.M.M 
Accession  #  158930-91*) 


Fig.  7l—(8).  Autopsy  Key  #  22.  Mlehibara.  Age  17  or  23  variously. 

Male.  1000  meters.  Died  31  Auguit  1949,  25th  day.  Vertebral  marrow. 
Hyperplasia  of  retioulua  sells  (ffyps  1  marrow).  X  4^0.  (Ffaete  File  #  HM 
147*  CK)|  A.M.M.  Aoeessios#  198930-86.) 
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Fig.  72 — (8).  Autopsy  Key#  22.  Michihara.  Age  17  or  23  variously. 

Male.  1000  meters.  Died  31  August  19^5,  25th  day.  Bone  marrow,  verte¬ 
bral.  General  view.  Numerous  reticulum  cells  and  occasional  blast  cells. 
Groups  of  streptococci  near  dilated  blood  vessel.  Giemsa  stain.  See 
Figure  82.  X  230.  (Photo  File  #  BM  182,  (K) 5  A.M.M.  Accession  #  I5893O- 
86.) 


I 
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Fig.  73 — (8) .  Autopsy  Key  #  22.  Michihara.  Age  17  or  23  variously. 
Male.  1000  meters.  Died  31  August  19^5,  25th  day.  Bone  marrow,  verte¬ 
bral.  Beticulum  and  plasmacytoid  elements.  Occasional  blast  cells. 
Giemsa  stain.  Z  1200.  (Photo  File  #  HM  l8l,  (K) ;  A.M.M.  Accession 
#158930-86.) 


Fig.  74— (8).  Autopsy  Key  #43.  Horinouchi.  ;  Age  33.  Male..  1000  meters. 
Died  7  September  1945,  32d  day.  Some  cells  with  nuclear  characteristics 
of  reticulum  cells.  Others  have  prominent  nucleoli.  Some  cells  are  found 
to  have  myelocytic  granules  in  giemsa  stained  smears.  Note  sausage  shaped 
and  polymorphous  nuclei  of  certain  elements.  I  Plasma  cells  are  also  pres¬ 
ent  in  large,  numbers.  Type  B  marrow.  X  1020.  (Photo  File  #  HM  317,  (K); 
A.M.M,  Accession  #  I58930-IO7. ) 


Pig.  75“"(8) •  Autopsy  Key  #  43.  Horinouchl.  Age  33.  Male.  1000 
meters.  Died  7  September  194-5*  32d  day.  Myelocytes  and  similar  spindle- 
shaped  oells  without  granules  or  with  very  few  granules,  transitional 
between  these  and  retloulum  oells.  Plasma  oells  and  lymphocytes.  Blast 
oells  are  rare.  Suoh  observations  suggest  that  the  nyelocytes  can  de¬ 
velop  directly  from  the  retloulum,  without  passing  through  the  blast 
stage.  X  800.  (Photo  Pile  #  BM  320,  (X);  A.M.M.  Accession  #  15893O-IO7.) 
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Fig.  76— (8).  Autopsy  KJey  #  4l.  Takano.  Age  23.  Male.  1000  meters. 
Died  5  September  1945,  30th  day.  Beticulum  hyperplasia.  Prominent 
nucleoli  in  some  cells.  Some  cells  are  still  spindle-shaped  and  others 
have  become  rounded.  Some  plasma  cells  are  present.  Giemsa  stain. 

X  1020.  (Photo  File  #  BM  324,  (K);  A.M.M.  Accession  #  I5893O-IO5.) 


Fig.  77— (8).  Autopsy  Key  #  kl.  Takano.  Age  23.  Male.  1000  meters. 
Died  5  September  19^5  >  30th  day.  Reticulum  hyperplasia.  Giant  cell 
(young  megakaryocyte).  Prominent  uucleolic  in  some  cells .  Plasmacytoid 
nuclei  in  others.  Giemsa  stain.  X  1020.  (Photo  File  #  HM323,  (K); 
A.M.M.  Accession#  I5893O-IO5.) 


Fig.  78 — (8).  Autopsy  Key  #  29.  Murakami.  Age:  varii 
Male.  1000  meters.  Died  1  September  19^5,  26th  day.  ] 
femoral.  Proliferated  reticulum.  Islands  or  erythropo: 
Giemsa  stain.  X  1000.  '(Photo  File  #  HM  203,  (K)j  A.M.M 
#  158930-93.) 


Fig.  79 — (8).  Autopsy  Key  #  29.  Murakami.  Age:  variously  22  or  24. 
Male.  1000  meters.  Died  1  September  1945,  26th  day.  Bone  marrow, 
femoral.  Proliferated  reticulum  cells  and  blast  cells.  The  basophilic 
cytoplasm  of  the  latter  is  shrinking.  Giemsa  stain.  X  1000.  (Photo 
File  #  BM  204,  (K);  A.M.M.  Accession  #  158930-93.) 
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Fig.  80— (8).  Autopsy  Key  #  68.  Tokui.  Age  36.  Male.  1000  meters. 
Died  “5  September  19^-5*  30th  day.  Hyperplasia  of  hone  marrow.  Polymor¬ 
phous  cellular  characteristics  (see  high  power  view.  Figure  8l).  X  210 
(Photo  File  #  HM  326,  (K);  A.M.M.  Accession  #  I5893O-128.) 


Fig.  8l — (8).  Autopsy  Key  $  68.  Tokui.  Age  36.  Male.  1000  meters. 

•  Died  5  September  1945,  30th  day.  hyperplastic  polymorphous  marrow.  Some 

cells  are  spindle-shaped  and  have  the  delicate  nuclear  membrane  and  chro-  4 

matin  stippling  of  reticulum  cells.  Others  have  the  prominent  nucleoli, 
thicker  nuclear  membranes,  and  basophilic  cytoplasm  of  blasts.  Some 
cells  have  the  granules  of  myelocytes.  Others  are  plasmacytoid.  X  800. 

(Photo  File  #  HM  327,  (K)j  A.M.M.  Accession  #  158930-128. ) 
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Fig.  82 — (8).  Autopsy  Key  #  22.  Michihara.  Age:  variously  23  or  17. 
Male.  1000  meters.  Died  31  August  19*4-5,  25th  day.  Bone  marrow,  verte¬ 
brae.  Streptococci  in  wall  of  sinusoid,  without  local  tissue  response. 
Giemsa  stain.  X  1100.  (Photo  File  #  EM  183,  (K);:  A  J1.M.  Acession  #  I5893O 
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Fig.  83 — (8).  Autopsy  Key  #  39-  Takeuchi.  Age  29.  Male.  1000  meters. 
Died  4  September  19%,  29th  day.  Bone  marrow.  Bib.  Focus  of  necrosis. 
Giemsa  stain.  X  230.  (Photo  File  #  HM  197/  (K);  A.M.M.  Accession  #  15893O' 
103.) 


Fig.  6k — (8).  Autopsy  Key#  39*  Takeuchi.  Age  29.  Male.  1000  meters. 
Died  4  September  1945,  29th  day.  Bone  marrow.  Rib.  Bacilli  in  large 
numbers  withou  cellular  reaction.  Giemsa  stain.  X  1000.  (Photo  File  #  HM 

-198,  (K);  A.M.M.  Accession  #  I5893O-IO3.) 

'  ;  ‘  . 
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Jt  _  Fig.  85 — (8).  Autopsy  Key  #26.  Kitsunai.  Age  22  or  28  variously.  Male. 

1000  meters.  Died  1  September  19^5*  26th.  day.  Stomach.  Petechiae  of 
gastric  mucous  membrane.  (Photo  File  #  HS  304;  A.M.M.  Accession  #  150930- 
90.) 
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Fig.  86— (8).  Autopsy  Bey#  21.  Iseoka.  Age  45.  Male.  1000  meters. 

•  Died  30  August  194-5,  24th  day.  Stomach.  Edema,  hemorrhage,  necrosis,  and 
superficial  ulcers  of  mucosa  of  stomach.  The  process  is  diffuse,  except 
for  a  narrow  hand  of  well-preserved  mucous  membrane  along  the  lesser  cur¬ 
vature  and  in  a  few  places  elsewhere.  (Photo  File  #  HS  301,  (K)j'A.M.M. 
Accession#  158930-85.) 
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Fig.  88 — (8).  Autopsy  Key  #  38.  Kamihara.  Age  22.  Male.  1000  meters. 
Died  4  September  19^5,  29th  day.  Large  intestine.  Superficial  ulcera¬ 
tion  of  mucous  membrane.  Fibrinous  exudate  adheres  in  large  irregular 
shreds.  Diffuse  hemorrhage  of  submucosa.  (Photo  File  #  HS  321;  A.M.M. 
Accession  #  158930-102.) 
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Fig.  89 — (8).  Autopsy  Key  #  27.  Omura.  Age  22.  Male.  1000  meters. 
Died  1  September  19^5,  26th  day.  Intestine.  Necrosis -and  hemorrhages 
of  mucous  membrane.  Ileocecal  valve  involved.  (Photo  File  #  HS  306; 
A.M.M.  Accession#  158930-51*) 
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Fig  90 — (8).  Autopsy  Key  #  35-  Takahashi.  Age  30-  Male.  1000  meters. 
Died  3  September  19^5,  28th  day.  Intestine.  1,  focal  hemorrhages  of 
ileum.  2 ,  hemorrhages  and  ulcers  of  ascending  colon  and  ileo-cecal 
valve.  3,  hemorrhages  of  descending  colon.  (Photo  File  #  HS  317 >  (K)j 
A.M.M.  Accession#  158930-99-) 
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Fig.  91— (8).  Autopsy  Key  #  24.  Chiba.  Age  27.  Male.  1000  meters. 
Died  31  August  1945,  25th  day.  Ileo-cecal  valve.  Radiation  effect, 
aplastic  anemia,  focal  .hemorrhages  and  necrosis  of  mucosa  of  ileo-cecal 
valves  and  ascending  colon.  (Photo  File  #  HS  302;  A.M.M.  Accession 
#  158930-88.) 


223 


Fig.  92--(8).  Autopsy  Key  #  37.  Takeda.  Age  25.  Male.  1000 -meters . 
Died  4  September  1945,  29th  day.  Ileo-cecal  valve.  Necrosis  and  hemor¬ 
rhage  of  ileo-cecal  valve  and  ascending  colon.  (Photo  File  #  HS  320; 
A.M.M.  Accession#  15893O-IOI.) 
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Fig.  93 — (8) .  Autopsy  Key#  103-  Yokota.  Age  14.  Female.  1800  meters. 
Died  23  August,  l4th  day.  Colon.  Necrosis.  Absence  of  leukocytic  re- 
"5  ^  action.  Edema  and  lymphectasia  of  submucosa.  X  30.  (Pboto  File  #  HM  257; 

A.M.M.  Accession#  158930-150.) 
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Fig.  94 — (8).  Autopsy  Key  f-  43.  Horinouchi.  Age  33*  Male.  1000 
meters.  Died  7  September  19^5,  32d  day.  Margin  of  ulcer.  The  exudate 
consists  of  small  and  large  mononuclear  cells  and  plasma  cells,  without 
polymorphonuclear  leukocytes.  Z  130.  (Photo  File  $  BM  235  J  A.M.M.  Acces 

sion  #  15893O-IO7.) 


Fig.  95 — (8).  Autopsy  Key  #  89.  Kuroki.  Age  23.  Male.  1000  meters. 

Died  27  August,  21st  day.  Liver.  Focus  of  necrosis.  The  cellular  exu¬ 
date  is  scanty  and  consists  almost  entirely  of  plasma  cells,  many  of  which 
are  represented  only  by  granular  pyknotic  debris  .Vz  200.  (Photo  File 
#  HM  273;  A.M.M.  Accession#  158930-20.) 


i 
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Tig.  96— (8).  Autopsy  Key  #  30.  Nagashima.  Age:  variously  stated  as  ;j 

23  or  28.  Male.  .  1000  meters.  Died  1  September  1945,  26th  day.  Kidney. 

Petechiae  in  parenchyma  of  kidney,  hemorrhage  in  mucous  membrane  of 

pelvis.  There  is  no  evidence  of  glomerulonephritis  histologically.  (Photo  -  # 

File  #  BS  312;  A.M.M.  Accession  #  158930-94. )  ‘  ; 

tcJS 


228 


Fig.  97 — (8).  Autopsy  Key  #  42.  Moriseko.  Age  27.  Male.  1000  meters. 
Died  6  September  1945,  31st  day.  Pelvis  of  kidney.  Hemorrhage  and 
edema.  Wo  leukocytic  infiltration.  X  130.  (Photo  File  #  HM  234;  A.M.M. 
Accession  #  15893O-IO6. ) 
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Fig.  98"" (8).  Autopsy  Key  #  91*  Kato.  Age  24.  Male.  1000  meters. 
Died  29  August  1945,  23d  day.  Kidney.  Large  mononuclear  cells  in  tu¬ 
bules  of  sinusoids  in  outer  parts  of  medulla.  X  400.  (Photo  File  #  HM 
275,  (K);  A.M.M.  Accession#  158930-27. ) 


Fig.  99 — (8).  Autopsy  Key  #  30.  Nagashima.  Age:  variously  stated  as 
23  or  28.  Male.  1000  meters.  Died  1  September  194-5,  26th  day.  Bladder. 
Hemorrhage  in  mucous  membrane  of  bladder.  (Photo  File  #  HS  3l4;  A.M.M. 
Accession#  158930-94 . ) 


Fig.  100 — (8).  Autopsy  Key#  30.  Nagashima.  Age:  variously  stated  as 
23  or  28.  Male.  1000  meters.  Died  1  September  19^5,  26th  day.  Testes. 
Atrophy.  (Photo  File  #  HS  313l  A.M.M.  Accession  #  158930-9^*) 
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Fig.  101— (8).  Autopsy  Key  #  27.  Omura.  Age  22.  Male.  1000  meters. 
Died  1  September  19^5,  26th  day.  Testis.  Atrophy.  Necrotic  remnants  of 
germinal  epithelium  and  its  derivatives  in  lumina  of  tubules  which  are 
lined  by  Sertoli  cells..  X  125 .  (Photo  File  #  HM  1^9;  A.M.M.  Accession 

#  158930-91.) 
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Fig.  102—  (8).  Autopsy  Bsy  #  28.  Eavaura.  Age  22.  Male.  1000  meters. 
Died  1  September  19^5,  26th  day.  Testis,  Atrophy.  Necrotic  remnants  of 
germinal  epithelium  and  its  derivatives  in  lumina  of  tubules.  Edema  of 
interstitial  tissues.  Hyaline  subendothelial  changes  of  small  blood 
vessels.  X  125.  (Photo  File  #  HM  150;  A.M.M.  Accession  #  158930-92.) 


Fig.  103— (8).  Autopsy  Key  #  31.  Veda.  Age  45.  Male.  1000  meters. 
Died  2  September  194-5,  27th  day.  Testis.  Disappearance  of  germinal  epi 
thelium.  Heads  of  spermatozoa  and  spermatids  remain  embedded  in  distal 
parts  of  the  Sertoli  cells.  Hyperplasia  of  interstitial  cells  (slight). 
X  120.  (Photo  File  #  HM  217,  (K);  A.M.M.  Accession  #  I5893O-95.) 


Fig.  104~(8).  Autopsy  Key#  39.  Takeuchi.  Age  29.  Male.  1000  meters. 
Died  4  September  19^5,  29th  day.  Testis.  Atrophy  of  germinal  epithelium 
its  derivaties.  Hyperplasia  of  interstitial  tissue.  X  115.  (Photo 
File  #  HM  228;  A.M.M.  Accession  #  15893O-IO3.) 


Fig.  105 — ( 8) -  Autopsy 'Key  #  46.  Kurihara.  Age  22.  Male.  800  meters. 
Died  8  September  1945,  33rd  day.  Testis.  Atrophy  of  tubules,  near 
basement  membrane,  among  the  Sertoli  cells,  is  an  ovoid  cell  with  a 
hyper chromatic  nucleus  thought  to  be  a  persistent  element  of  the  germinal 
epithelium.  X  450.  (Plioto  File  #  HM  24l;  A.M.M.  Accession  #  158930" 


Fig.  107--(8).  Autopsy  Key  #  kl.  Takano.  Age  23.  Male.  1000  meters. 
Died  5  September  19^5,  30th  day.  Testis..  Tubule  containing  ’’giant  cell 
See  Figure  106.  (Photo  File  #  EM  232;  A.M.M.  Accession  #  I5893O-IO5.) 


Fig.  108 — (8).  Autopsy  Key  #  91.  Kato.  Age  24.  Male.  1000  meters. 
Died  29  August  1945,  30th  day.  Testis.  Atrophy.  "Giant  cell"  in  lumen 
of  tubule,  which  is  lined  entirely  by  Sertoli  cells.  The  "giant"  cell 
has  probably  resulted  from  compaction  and  fusion  of  spermatids.  See 
Figures  106  and  107-  X  400.  (Photo  File  #  HM  274,  (K);  A.M.M.  Accession 
#  158930-27.) 
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Fig.  109- -(8).  Autopsy  Key  #  128.  Fukuhara.  .  Age'  8.  Male.  Between  500 
and  1000  meters.  Died  15  September  1945,  40th  day.  Immature  Testis. 
Thickening  of  basement  membranes  of  tubules .  The  epithelium  is  well  pre¬ 
served.  X  100.  (Photo  File  #  HM  338,  (K);  A.M.M.  Accession  #  158930-40.) 
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Fig.  110 — (8).  Autopsy  Key  #  36.  Morita.  Age  21.  Female.  1000  meters. 
Died  3  September  19^5>  28th  day.  Pelvic  organs.  Hemorrhages  in  endome¬ 
trium  and  in  right  ovary.  (Photo  File  #  HS  318;  A.M.M.  Accession  #  158930- 
100.) 


242 


I 


Fig.  Ill — (8).  Autopsy  Key  #  36.  Morita.  Age  21.  Female.  1000  meters. 
Died  3  September  19^5>  28th  day.  Ovary.  Shrunken  primary  follicles.  No 
developing  follicles.  Corpora  albicantia  present  elsewhere  in  this  ovary. 
X  235.  (Photo  File  #  HM  2l6;  A.M.M.  Accession  #  I5893O-IOO.) 
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Fig.  112 — (8).  Autopsy  Key  #  47.  Naka.  Age  35-  Female.  800  meters. 
Died  24  August  1945,  l8th  day.  Ovary.  Shrunken  primary  follicle.  X  500. 
(Photo  File  #  HM  244;  A.M.M.  Accession  #  15893O-III.) 
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Fig.  113 — (8).  Autopsy  Key.  #  47.  Naka.  Age  35-  Female.  800  meters. 
Died  24  August  1945/  l8th  day.  Endometrium  in  "resting  phase.”  Z  50. 
(Photo  File  #  HM  245;  A.M.M.  Accession  #  158930-111.) 
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Fig.  Il4 — (8).  Autopsy  Key#  119 .  Nagado.  Age  26.  Female.  1300 
meters.  Died  29  August  1945,  23d  day.  Ovary.  Paucity  of  primary 
follicles.  Atresia  of  surviving  follicles.  No  developing  follicles. 
Corpora  albicantia  present  elsewhere  in  this  ovary.  X  115 .  (Photo  File 
#  BM  303;  A.M.M.  Accession#  158930-9-) 


Fig..  115 — (8).  Autopsy  Key#  119.  Nagado .  Age  26.  Female.  1300 
meters.  Died  29  August  1945,  23d  day.  Ovary.  Atretic  follicle: 
"nurse  cells"  clumped  at  center.  Enlargement  of  portion  of  Figure  114 
X  450.  (Photo  File  #  HM  28l,  ( K )',  A.M.M.  Accession  #  158930-9.) 


Fig.  Il6 — (8).  Autopsy  Key  #  119*  Nagado.  Age  2 6.  Female.  1300 
meters.  Died  29  August  1945,  23d  day.  Ovary.  Deposits  of  hyaline  re 
fractile  acidophilic  material  beneath  endothelium  of  blood  vessels. 
Similar  to  changes  seen  in  stroma  of  testis.  Compare  Figure  102. 

X  175.  (Photo  File  #  HM  304;  A.M.M.  Accession  #  158930-9.) 


Fig.  117 — (8).  Autopsy  Key  #  6l.  Shimizu.  Age  38.  Female.  1100 
meters.  Died  11  September  19 45/  38th  day.  Ovary.  Involuting  corpus 
luteum  of  pregnancy.  X  100.  (Photo  File  #  HM  334,  (K);  A.M.M.  Accession 
#  158930-121. )  '  - 
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Fig.  ll8--(8).  Autopsy  Key  #  6l.  Shimizu.  Age  38..  Female.  1100 
meters <  Died  11  September  1945,  36th  day.  Fragments  of  decidua  from 
uterine  cavity.  X  100.  (Photo  File  #  HM  335;  A.M.Mi  Accession  158930- 
121.) 


Fig. '  119- -(8) .  Autopsy  Key#  42.  Moriseko.  Age  27.  Male.  1000 
meters.  Died  6  September  1945*  31  days.  Brain.  Sub-pial  hemorrhage 
of  frontal  lobe.  Massive  hemorrhage  in  medullary  cistern  of  sub- 
drachnoid  space.  Petechiae  of  subependyma  of  lateral  ventricle.  (Photo 
File  #  HS  324;  A.M.M.  Accession  I5893O-IO6.) 


Fig.  120 — (8).  Autopsy  Key  #  60.  Shigeta.  Ag ekk:.  Female.  800 
meters.  Died  11  September  19^-5,  36  days.  Brain.  Focus  of  necrosis 
in  medulla,  surrounded  by  hemorrhage.  A  small  bacterial  mass  which 
appears  black  in  the  photograph  lies  near  center  of  the  lesion.  X  ! 
(Photo  File  #  HM  333,  (K);  A.M.M.  Accession  158930-120.) 


Fig.  121 — (8).  Autopsy  Key  #  95*  Akagi.  Age  28.  Male.  1000  meters. 
Died  8  September  19^5,  33d  day.  Adrenal.  Focus  of  necrosis  in  fascicu¬ 
lar  stratum  of  cortex.  Infiltration  of  large  fat-filled  phagocytes. 

X  265.  (Photo  File  #  HM  236;  A.M.M.  Accession  15893O-IO9.) 
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Fig.  122r-(8).  Autopsy  Key  #  45.  Akagi.  Age  28i  Male.  1000  meters. 
Died  8  September  1945,  33d  day.  Adrenal.  Fatty  changes  of  scattered 
cells  and  groups  of  cells  in  the  cortex.  Several  cortical  epithelial 
cells  in  the  fascicular  stratum  in  mitosis.  X  210.  (Photo  File  #  HM  237; 
A.M.M.  Accession  15893O-IO9.) 
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Fig.  123 — (8).  Autopsy  Key#  42.  Moriseko.  Age  27.  Male.  1000 
meters.  Died  6  September  194-5*  31st  day.  Pituitary.  Vacuolation  of 
groups  of  basophilic  cells  (castration  cells).  X  175*  (Photo  File  #  HM 
297*  (K)j  A.M.M.  Accession  158930-106.)  • 


Fig.  124 — (8).  Autopsy  Key#  42.  Moriseko.  Age  2J.  Male.  1000 
meters.  Died  6  September  1945,  21st  day.  Pituitary.  Vacuolated  large 
basophilic  cells  (castration  cells).  Hyperplasia  of  basophilic  cells. 
X  400.  (Photo  File  #  HM  298,  (K);  A.M.M.  Accession  15893O-IO6.) 


Fig.  125--(8).  Autopsy  Key  #  29.  Murakami.  Age:  variously  stated  as 
22  or  24.  Male.  1000  meters.  Died  1  September  1945,  26th  day.  Tongue. 
Necrosis  and  hemorrhage.  (Photo  File  #  HS  310;  A.M.M.  Accession  158930- 
93.) 


Fig.  126 — (8) .  Autopsy  Eey  $  44.  Araki.  Age  22.  Male.  1000  meters.  , 

Died  8  September  1945,  33d  day.  Viscera.  Radiation  effect,  aplastic 
anemia,  acute  ulcers  of  epiglottis  with  surrounding  hemorrhage,  acute  lin¬ 
gual  tonsillitis,  multiple  hemorrhages  of  mucosa  of  gall  bladder,  focal  , 

necrotizing  pneumonia  with  surrounding  hemorrhage.  (Photo  File  #  HS  328;  %. 

A.M.M.  Accession  I5893O-IO8.) 
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Fig.  l27--(8) .  Autopsy  Key  #  46.  Kurlhara.  Age  22.  Male.  800  meters. 
Died  8  September  1945 ^  33rd  day.  Neck  organs.  Edema  and  necrosis  of  epi¬ 
glottis  and  aryo-epiglottic  folds.  Necrosis  of  faucial  tonsils •  (Photo 
File  #  HS  332;  A.M.M.  Accession  I5893O-IIO.) 
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Fig.  128— (8).  Autopsy  Key  #  35.  Takahashi.  Age  30.  Male.  1000  meters. 
Died  3  September  1945,  28th  day.  Larynx.  Radiation  effect,  aplastic 
anemia,  necrosis  of  tonsils,  hemorrhage  and  edema  of  epiglottis  and  aryo- 
epiglottic  folds.  (Photo  File  #  HS  316,  (K)>  A.M.M.  Accession  158930-99-) 
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Fig.  129— (8).  Autopsy  Key  #  26.  Kitsunai.  Age:  variously  22  or  28. 
Male.  1000  meters.  Died  1  September  1945*  26th  day.  Neck  organs.  Radi 
ation  effect,  aplastic  anemia,  necrosis  and  hemorrhages  of  epiglottis. 
(Photo  File  #  ES  305;  A.M.M.  Accession  I5893O-9O.) 


Fig.  130 — (8).  Autopsy  Key  #  21.  Iseoka.  Age  45.  Male.  1000  meters. 
Died  30  August  1945,  25th  day.  Neck  organs.  Necrosis  of  lining  membrane 
of  epiglottis,  larynx,  and  trachea.  Necrosis  and  enlargement  of  left 
tonsil.  Foci  of  necrosis  in  the  right  tonsil  which  is  somewhat  smaller. 
(Photo  File  #  HS  300;  A.M.M.  Accession  158930-85.) 
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Fig.  131 — (8).  Autopsy  Key  #  56.  Eawamura.  Age  51.  Female.  1100 
meters.  Died  11  September  19^5>  36th  day.  Epiglottis.  Necrosis  and  in¬ 
filtration  of  small  mononuclear  and  plasma  cells.  Occasional  poljrmorpho- 
nuclear  leukocytes.  Cartilage  intact.  X  115.  (Photo  File  #  BM  2J0;  A.M.M. 
Accession  15893O-H6.) 
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Fig.  132--(8).  Autopsy  Key  #  47.  Naka.  Age  35-  Female.  800  meters. 

Died  24  August  19^5,  19th  day.  Tonsil.  Necrosis.  Absence  of  polymor-  , 

phonuclear  leukocytic  barrier  between  the  necrotic  and  non-ne erotic 
tissue.  X  130.  (Photo  File  #  HM  264,  (K);  A.M.M.  Accession  158930-Hl.) 
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Fig.  13^  A — (8).  Autopsy  Key  #  k'J .  Naka.  Age  35.  Female.  800  meters. 
Died  2k  August  19^5>  l8th  day.  Skin.  Low-power  view  of  margin  of  ulcer. 
The  labeled  sections  correspond  to  fields  enlarged  in  the  subsequent  photo¬ 
graphs.  X  30.  (Photo  File  #  HM  3^1  A.M.M.  Accession  #  I5893O-III.) 


Fig.  134  b--(8).  Autopsy  Key  #  47.  Naka.  Age  35.  Female.  800  meters. 
Died  24  August  1945, .  19th.  day.-  Skin.  Ulcer.  Necrosis  of  outer  layer  of 
epithelium.  Pigment  remains  in  basal  cells.  Congestion  of  blood  vessels 
and  hemorrhages.  Bacteria  in  necrotic  material  at  surface  of  ulcer.  No 
leukocytic  infiltration.  X  115.  (Photo  File  #  HM  £99,  (K);  A.M.M.  Acces¬ 
sion  15893O-III.) 
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Died  24  August day  ^  Skin  N~ka*  Age  35 *  female.  800  meters. 

Vacuolation  of  epithelial  onn  SkJn'  from  Section  1  (see  Figure  134a) 
distribution  Sm£2  °f 

mononuclear  cells  about  dilated  mito®es  in  basal  layer.  Small 

Mia  #  *  346,  A.M.M.  Accession  #S6wSS?)ln.ear1*-  *  W.  (Photo 
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Fig.  135 — (8).  Autopsy  Key#  29.  Murakami.  Age  2k  or  22.  Male.  1000 
meters.  Died  1  September  1945,  26th  day.  Skin.  Ulcer.  Bacterial  mass¬ 
es  in  necrotic  material.  Plasma  cells,  large  mononuclear  cells  and  extra - 
vasated  erythrocytes  at  base.  X  115.  (Photo  File  #  HM  296;  A.M.M.  Acces¬ 
sion  158930-93.) 
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Fig.  136--(8)..  Autopsy  Key  #  45.  Akagi.  Age  28.  Male.  1000  meters. 
Died  8  September  19^5,  33d  day.  Scalp  and  neck.  Radiation  effect, 
aplastic  anemia,  a.  Partially  epilated  scalp,  b.  Cellulitis  of  soft 
tissue  of  neck.  (Photo  File  #  ES  330;  A.M.M.  Accession  1^8930-109.) 


Fig.  137 — (8).  Autopsy  Key  #  l4.  Yamamoto.  Age  25.  Male.  1000  meters 
Died  22  September  19^5>  ^7th  day.  Scalp.  Regenerating  hair  follicles. 
Occasional  mitosis  among  matrix  cells.  Well  defined  Henle's  and  Huxley's 
layers,  and  external  root  sheath.  Cuticles  forming.  To  the  left  is 
another  hair  follicle  met  in  section  nearer  its  external  opening.  Here  a 
keratinized  hair  shaft  is  separated  from  the  external  root  sheath  by  a 
space.  This  is  a  regenerating  hair  from  a  case  in  Group  III,  but  is  used 
to  illustrate  the  typical  structure.  X  225.  (Photo  File  #  HM  210,  (K); 
A.M.M.  Accession  158930-33*) 


Fig.  139 — (8).  Autopsy  Key  #  31-  Ueda.  Age  45.  Male.  1000  meters. 
Died  2  September  19^5>  27th  day.  Scalp.  Hair  follicle.  Atrophy  of 
follicle.  Failure  of  differentiation  of  matrix.  Irregularity  of  distri¬ 
bution  of  pigment,  X  120.  (Photo  File  #  HM  219;  A.M.M.  Accession  15893O" 
95.) 
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Fig.  lAO — (8) .  Autopsy  Key  $  33-  Ikeda.  Age  36.  Male.  1000  meters. 
Died  2  September,  27th  day?.  Scalp.  Hair  follicle.  Atrophy.  Failure  of 
differentiation  of  matrix  into  internal  root  sheath.  Irregularity  of 
distribution  of  pigment.  Tremendous  thickening  of  glassy  membrane.  Re¬ 
mains  of  external  root  sheath  have  shrunken  away  from  it.  X  130.  ("Photo 
File  #  EM222;  A.M.M.  Accession  158930-97*) 


Fig.  l4l — (8).  Autopsy  Key  #  28.  Kawaura.  Age  22.  Male.  1000  meters. 
Died  1  September  1945,  26th  day.  Scalp.  Failure  of  differentiation  of 
internal  root  sheath  and  keratinized  hair  shaft.  Irregularity  in  distri¬ 
bution  of  pigment.  Thickening  of  basement  membrane.  X  90.  (Photo  File 
#  HM  153,  (K);  A.M.M.  Accession  158930-92.) 
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Fig.  l42--(8) . ,  Autopsy  Key  #  30.  Nagashima.  Age:  variously  23  or  28.  . 
1000  meters..  Died  1  September  1945,  26th  day.  Scalp.  Atrophy  of  hair 
follicles.  Failure  of  differentiation  of  matrix  substance  into  well- 
defined  external  root  sheath  and  internal  root  sheath.  Irregular  distri¬ 
bution  of  pigment.,  Enormous  thickening  of  basement  membrane  and  of  glassy 
membrane  which  is  proved  not  to  be  elastic  tissue  in  Verhoeff 's  stain. 

Note  that  elastic  fibers  of  derma  stain  well.  X  110.  *  (Photo  File  #  HM 
215,  (K)j  A.M.M.  Accession  158930-9^. ) 


Fig.  1^3— (8).  Autopsy  Key  #  24.  Chiba.  Age  29.  Male.  1000  meters. 
Died  31  August  194-5,  25th  day.  Scalp.  Atrophy  of  hair  follicles.  Enor¬ 
mous  thickening  of  basement  membranes.  Atrophy  of  sebaceous  glands. 

X  20.  (Photo  File  #  HM  294;  A.M.M.  Accession  158930-88.) 


Fig.  l44 — (8).  Autopsy  Key  #  104.  Yoshitomi.  Age  l4.  Male.  1000  meters. 
Died  27  August  1945,  21st  day.  Scalp.  Atrophy  of  all  hair  follicles. 
Enormous  thickening  of  basement  membranes  of  hair  follicles.  Atrophy  of 
epithelium  of  surface  and  of  sebaceous  glands.  (Photo  File  #  HM  302,  (K)j 
A.M.M.  Accession  15893O-I5I. ) 


Fig.  1^5 — (8).  Autopsy  Key  #  22.  Michihara.  Age:  17  or  23.  Male.  1000 
meters.  Died  31  August  19^5,  25th  day.  Scalp.  Atrophy.  Failure  of  sep¬ 
aration  of  keratinized  shaft.  Irregular  distribution  of  pigment.  X  90. 
(Photo  File  #  BM  15I;  A.M.M.  Accession  158930-86.) 
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Fig.  1  46 — (8).  Autopsy  Key  #  45.  Akagi.  Age  28.  Male.-  1000  meters 
Died  8  September  1945,  33d  day.  Scalp.  Hair  follicle.  Atrophy.  Ha 
remains  fused  to  external  root  sheath.  Process  analogous  to  parakera 
tosis  at  surface.  Irregularity  of  distribution  of  pigment.  X  130. 
(Photo  File  #  HM  239,  ('K)i  A.M.M.  Accession  I5893O-IO9.) 


Fig.  1V7 — (8).  Autopsy  Key  #  31*  Ueda.  Age  Male.  1000  meters. 

Died  2  September  19^5,  27th  day.  Scalp.  Hair  follicle.  Atrophy.  Great 
ly  thickened  basement  membrane.  Failure  of  development  of  Henle's  and 
Huxley's  layers.  The  hair  appears  to  spring  directly  from  the  external 
root  sheath.  Irregularity  of  distribution  of  pigment.  Excess  of  keratin 
from  surface  in  the  mouth  of  the  follicle.  X  120.  (Photo  File  #  SM  2l8; 
A.M.M.  Accession  158930-95-) 
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Fig.  llj-8—  (8).  Autopsy  Key  #  35.  Takahashi.  Age  31.  Male.  1000 
meters.  Died  3  September  19^5,  28th  day.  Hair,  removed  from  head  partly 
epilated  person.  Tapering  of  shaft  toward  attached  end;  evidence  of  atro¬ 
phy  of  matrix.  Absence  of  remnants  of  internal  root  sheath.  X  50.  (Photo 
File  #  Hm  262;  A.M.M.  Accession  I5893O-99.) 
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Fig.  149 — (8).  Autopsy  Key  #  50.  Kijima.  Age  31-  Male.  1000  meters. 
Died  15  November  1945,  100th  day.  Right  lung.  Gangrene  of  upper  lobe 
with  sequestrated  lung  tissue.  Abscess  cavity  in  lower  lobe.  Diffuse 
necrotizing  and  organizing  pneumonia.  (Photo  File  #  HS  333,  (K)j  A.M.M.  * 
Accession  158930-66.) 
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Fig.  150 — (8).  Autopsy  Key  #  50.  Kijima.  Age  31-  Male.  1000  meters. 
Died  15  November  19^5*  100th  day.  Lung.  Fibrous  wall  of  abscess  cavity. 
X  50.  (Photo  File  #  HM  269;  A.M.M.  Accession  158930-66. ) 
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Fig.  151 — (8).  Autopsy  Key#  50-  Kijima.  Age  31-  Male.  1000 
Died  15  November  19^5,  100th  day.  Lung.  Organizing  pneumonia, 
alveoli  contain  numerous  large  mononuclear  fat-filled  phagocytes 
(Photo  File  #  HM  265;  A.M.M.  Accession  15893O-66.) 


meters . 
Some 

x  130. 
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Fig.  152— (8) .  Autopsy  Key  #  96.  Sakoda.  Age  33-  Male.  1000  meters. 
Died  12  November  19^5*  97th  day.  Lung.  Organizing  pneumonia.  X  130. 
(Photo  File  #  3M  278;  A.M.M.  Accession  158930-19.) 
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Tig.  153~(8).  Autopsy  Bay  #  50.  Kijima.  Age  31.  Male.  1000  meters. 
Died  15  November  19^5*  100th  day.  Spleen.  Germinal  center  in  malpighian 
corpuscle.  X  200.  (Photo  Tile  #  hm  267;  A.M.M.  Accession  I5893O-66.) 


Fig.  154 — (8).  Autopsy  Key  #  82.  Oku.  Age  15 
Died  IT  September  1945,  42nd  day.  Lymph  node, 
resembling  Reed-Sternberg  cells.  X  t-OO.  (Photo 
Accession  158930-138. ) 


B 
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Female.  1200  meters. 

Enormous  atypical  cells. 
File  #  HM  301;  A.M.M. 
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Fig.  155--(8).  Autopsy  Key  #  133.  Nagai.  Age  9.  Male.  500  meters. 
Died  29  September,  54th  day.  Eib.  Costochondral  junction.  Hyperplasia 
of  bone  marrow.  Type  C.  Compare  with  figure  64  (8).  X  13.  (Photo  File 
#  HM  337,  (K);  A.M.M.  Accession  I5893O-23.) 


Fig.  156- -(8).  Autopsy  Key#  50.  Kijima.  Age  31-  Male.  1000  meters. 
Died  15  November  19^5*  100th  day.  Bone  marrow  of  rib.  Focus  of  regen¬ 
erating  tissue  within  the  gelatinous  marrow.  Type  C.  The  vertebral 
marrow  in  this  patient  is  much  more  cellular.  X  115.  (Photo  File  #  BM 
lk2a,  (K)j  A.M.M.  Accession  158930-66.) 


Fig.  157 — (8)-  Autopsy  Key  #  5 0 .  Kijima.  Age  31*  Male.  1000  meters. 
Died  15  November  19^5,  100th  day.  Myelocytes  and  a  cell  with  clear  cyto¬ 
plasm  resembling  a  lymphocyte.  X  800.  (Photo  File  $  HM  309.»  (K);  A.M.M. 
Accession  158930-66.) 


Fig.  158— (8).  Autopsy -Key  #  l4.  Yamamoto.  Age  25.  Male.  1000  meters 
Died  22  September  1945,  47th  day.  Bone  marrow.  Extreme  hyperplasia. 

Type  D.  Numerous  myelocytes  and  metamyelocytes.  X  130.  (Photo  File  #  EM 
26l,  (K);  A.M.M.  Accession  158930-33.) 


Fig.  159 — (8).  Autopsy  Key#  ll8.  Inaba.  Age  56.  Female.  700  meters. 
Died  5  October  194-5,  60th.  day.  Hyperplasia  of  reticulum.  See  Figure  160 
for  description.  X  400.  (Photo  File  #  HM  315,  (K)j  A.M.M.  Accession  158930- 
165.) 
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Fig.  l6o — (8).  Autopsy  Key  #ll8.  Inaba .  Age  56.  Female.  700  meters. 

Died  5  October -19^5#  60th  iday.  Hyperplasia  of  reticulum.  Some  cells  have 
more  prominent  nucleoli  than  are  seen  in  the  typical  reticulum  cell  and  may 
he  forms  in  transition  to  myelocytes  although  the  granules  in  the  cytoplasm 
are  poorly  preserved.  Blast  cells  are  rare.  X  750.  (Photo  File  #  EM  316, 
(K)j  A.M.M.  Accession  I5893O-165.) 
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Fig.  l6l — (8).  Autopsy  Key  #  50.  Kijima.  Age  31  •  Male.  1000  meters. 

Died  15  November  19^+5,  100th  day.  Femur.  Red  gelatinous  marrow  in  upper 

portion  of  shaft.  Gelatinous  and  fatty  yellow  marrow  in  distal  portion 

of  the  bone.  (Photo  File  #  HS  334,  (K)j  A.M.M.  Accession  158930-66.)  /  ^ 
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Fig.  162 — (8).  Autopsy  Key  #  50.  Kijima.  Age  31.  Male.  1000  meters. 
Died  15  November  19V?,  100th  day.  Bone  marrow..  Rib.  "Gelatinous  marrow" 
showing  atrophic  fat  cells,  and  granular  interstitial  material  containing 
large  quantities  of  fibrin.  Masson  Stain.  X  400.  (Photo  File  #  BM  266, 
(K)j  A.M.M.  Accession  I5893O-66.) 
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Fig.  163 — (8).  Autopsy  Key  #  110.  Watanabe .  Age  56.  Male.  1000 
meters.  Died  2  September  19^5,  27th  day.  Bone  marrow,  sternal.  Fibrin 
deposited  about  megakaryocytes.  X  500.  (Photo  File  #  BM  287>  (K);  A.M.M 
Accession  158930-157- ^ 


* 
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Fig.  l64 — (8).  Autopsy  Key  #  131.  Takatini.  Age  39-  Female.  1500 
.meters.  Died  21  September  1945,  46th  day.  Colon.  Amebae  in  edematous 
£  areolar  tissue  of  the  submucosa.  X  350-  (Photo  File  #  HM  339*  (K)j 

A.M.M.  Accession  158930-41.) 
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Fig.  165 — (8).  Autopsy  Key  #  l4.  Yamamoto.  Age  25.  Male.  1000  meters. 
Died  22  September  1945,  47th  day.  Liver.  Central  necrosis;  thickening  of 
wall  of  central  venule.  Exudate  of  small  and  large  mononuclear  cells. 

X  115.  (Photo  File  #  HM  212;  A.M.M.  Accession  158930-33.) 


Fig.  l66 — (8).  Autopsy  Key  #  14.  Yamamoto.  Age  25.  Male.  1000  meters. 
Died  22  September  19^5,  47th  day.  Testis.  Disappearance  of  germinal  epi¬ 
thelium  and  its  derivatives.  Thickening  of  basement  membranes  of  the 
tubules  by  deposition  of  finely  fibrillar  collagenous  material  within  the 
old  basement  membrane.  Deposits  of  refractile  acidophilic  material  be¬ 
neath  the  endothelium  of  the  blood  vessels  in  the  interstitium.  X  115  • 
(Photo  File  #  HM  211,  (K)j'  A.M.M.  Acessian  158930-33*) 


Fig.  167 —  f  8) .  Autopsy  Key#  50.  Kijizna.  Age  31.  Male.  1000  meters. 
Died  15  November  19^5,  100th  day.  Testis.  Complete  cessation  of  spermato¬ 
genesis.  The  tubules,  whose  basement  membranes  have  not  become  thickened, 
are  lined  exclusively  by  Sertoli  cells.  The  interstitial  tissue  is  not 
hyperplastic.  X  115.  (Photo  File  #  HM  1^3,  (K);  A.M.M.  Accession  I5893O- 
66. ) 
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Fig.  168— (8).  Autopsy  Key  #  50.  Kijima.  Age  31.  Male.  1000  meters. 
Died  15  November  19^5,  100th  day.  Prostate.  Atrophy.  Grossly  this  pros 
tate  was  approximately  half  the  usual  size.  X  95.  (Photo  File  #  HM  lV4; 
A.M.M.  Accession  158930-66. ) 


Fig.  169 — (8).  Autopsy  Key#  50-  Kijima.  Age  31*  Male.  1000  meters. 
Died  15  November  1945,  100th  day.  Adrenal.  Cortical  cells  all  have 
granular  non- vacuolated  cytoplasm.  Atrophy  of  cortex.  X  85.  (Photo 
File  #  HM  300 j  A.M.M.  Accession  158930-66. ) 
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Fig.  170 — (8).  Autopsy  Key  #  96.  Sakoda.  Age  33-  Male.  1000  meters. 
Died  12  November  19V3,  97th  day.  Adrenal.  Focal  atrophy  with  decrease 
in  thickness  of  cortex.  Focal  fatty  changes  in  cortex.  Z  130.  (Photo 
File  #  HM  2'77>  A.M.M.  Accession  158930-19.) 


Fig.  171 — (8).  Autopsy  Key#  50-  Kijima.  Age  31-  Male.  1000  meters 
Died  15  November  1945,  lOOtb  day.  Pituitary.  Large  basophilic  cells. 

X  200.  (Photo  File  #  HM  140,  (K);  A.M.M.  Accession  158930-66.) 


Fig.  172--(8).  Autopsy  Bey  #50.  Kijima.  Age  31.  Male.  1000  meters. 
Died  15  November  19^5,  100th  day.  Pituitary.  Large  basophilic  cells. 
X  600.  (Photo  File  #  HM  139,  (K) ;  A.M.M,  Accession  158930-66.) 


Fig.  173--(8).  Autopsy  Key#  133-  Nagai.  Age  9*  Male.  500  meters. 
Died  29  September  19%,  54th  day.  Eib.  Costochondral  junction.  No 
apparent  effect  on  the  growing  cartilage  or  bone.  X  100.  (Photo  File 
#  HM  341,  (K);  A.M.M.  Accession  I5893O-23.) 


Fig.  174-- (8).  Autopsy  Key  #  65.  Tokoda.  Age  52.  Female.  900  meters. 
Died  17  September,  42d  day.  Tonsil.  Lining  of  crypt  showing  bacterial 
*  masses  and  necrosis.  Absence  of  polymorphonuclear  leukocytic  barrier  be¬ 

tween  the  necrotic  and  non-necrotic  material.  X  115 •  (Photo  File  #  BM 
272 j  A.M.M.  Accession  158930-125.) 

m  v 
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Fig.  175 — (8)-  Autopsy  Key  #  l4.  Yamamoto.  Age  25.  Male.  1000  meters. 
Died  22  September  1945,  47th  day.  Scalp.  Hair.  The  complete  follicle 
in  longitudinal  section.  Atrophy  of  matrix.  Failure  of  differentiation 
of  internal  root  sheath.  Irregular  distribution  of  pigment;  thickening 
of  glassy  and  connective  tissue  sheaths.  Remnants  of  atrophic  shaft  fill 
the  dilated  mouth  of  the  follicle.  Parakeratotic  plug  around  this  shaft. 
Atrophy  of  associated  sebaceous  gland.  X  50.  (Photo  File  #  EM  280,  (K); 
A.M.M.  Accession  158930-33-) 


Fig.  176— (8).  Autopsy  Key  #  17 .  Shintani.  Age  39-  Male.  1000  meters 
Died  23  September  194-5,  48th  day,  Hair.  Failure  of  differentiation  of  in' 
ternal  root  sheath.  Shaft  appears  to  develop  by  process  of  parakeratosis 
from  external  sheath.  Atrophy  of  associated  sebaceous  gland.  X  130. 
(Photo  File  #  HM  260,  (K);  A.M.M.  Accession  158930-36.) 


Fig.  177 — (8).  Autopsy  Key#  l4.  Yamamoto.  Age  25.  Male.  1000  meters 
Died  22  September  19^5*  ^7th  day.  Skin.  Hair  follicle.  Failure  of  sepa 
ration  of  keratinized  shaft.  Process  analogous  to  parakeratosis.  Regen¬ 
eration  of  a  hair  is  beginning  at  the  base  of  the  follicle  by  a  renewed 
differentiation  of  matrix  cells  (in  close  apposition  to  the  connective 
tissue  papilla)  and  of  the  internal  root  sheath.  Compare  with  later 
stage  (Fig.  137).  X  115.  (Photo  File  #  HM  20 8,  (K);  A.M.M.  Acces¬ 
sion  158930-33.) 


•b.  186.  Entnicklung  cinew  Kolbonhaares:  a  .uumitfelbar  naeh  tier  Trenming,  b  1  anger  Epithelstrang,  ede  Regeneration  desselben 
lUen,  dmikel  dargest-elit,  die  Zyl inderzel lenschieht ),  bei  e  VolleiHlxmg  der  Regeneration  and  Absetzung  gegen  das  Kolbenlagcr, 

f  erste  Haaranlage,  g  fertiges  junges  Haar.  (Aus  Auburtxn.) 


r- 


Fig.  178 — (8).  Normal  cycle  of  loss  and  replacement  of  a  hair.  At  a  an 
external  root  and  an  internal  root  sheath  are  still  differentiated.  At 
b  the  latter  is  no  longer  visible,  and  the  former  has  become  shrunken., 
There  is  thickening  both  of  the  glassy  and  external  cellular  basement 
membrane.  At  c,  d,  and  e  there  are  successive  stages  of  that  process  and 
the  old  hair  is  being  extruded.  At  f,  the  internal  root  sheath  is  being 
differentiated  anew,  and  at  g,  the  new  hair  is  pushing  outward  in  the  old 
follicle.  (From  Pinkus  F.  Die  Normale  Anatomie  der  Haut.  Der  Haarwechsel. 
In:  Jadassohn,  J.  Handbuch  der  Haut  und  Geschlechtskrankheiten.  i/l, 
Berlin^  Springer,  1927.)  (Photo  File  #  HM  307- ) 
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Pig.  1 — (Appendix.  1  Section  8) .  Autopsy  Key  #  22k  (Nagasaki).'  Matsuo.  * 

Age  19.  Male.  1000  meters.  Died  l6  November  19^5*  97th  day.  Blood  Film. 

Cells  of  monocytic  type.  X  1100.  (Photo  File  #  NM  163;  A.M.M.  Accession 
#  158930-224.) 

/ 
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Fig.  1A.; — (Appendix  1  (8)  ).  Copy  of  Japanese  photograph  of  blood  smear 
of  14  November  1945,  showing  phagocytosis  of  carbon  by  the  atypical  mono¬ 
nuclear  cells.  (Photo  File  #  NM  158.)  r 
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Fig.  2 — (Appendix  1,  Section  8).  Autopsy  Key#  224  (Nagasaki).  Matsuo. 
Age  19.  Male.  1000  meters.  Died  16  November  19.45,  97th  day.  Bone 
marrow  (probably  from  long  bone).  Large  mononuclear  cells  forming  thick 
septa  among  the  fat  cells.  X  400.  (Photo  File  #  HM  l64;  A.M.M.  Accession 
#  158930-224.) 


Fig.  3 — (Appendix  1,  Section  8).  Autopsy  Key#  224  (Nagasaki).  Matsuo. 
Age  19..  Male.  1000  meters.  Died  16  November  194-5,  97th  day.  Striated 
muscle.  Atypical  large  mononuclear  cells  infiltrating  among  the  fibers. 
Phosphotungstic  acid  hematoxylin  stain.  X  500*  (Photo  Pile  #  NM  l6l; 
A.M.M.  Accession  #  158930-224. ) 


Fig.  4 — (Appendix  1,  Section  8).  Autopsy  Key  #  224  (Nagasaki).  Matsuo 
Age  19.  Male.  1000  meters.  Died  l6  November  1945,  97th  day.  Liver. 
Pericentral  infiltration  of  large  mononuclear  elements.  Atrophy  of 
central  ends  of  hepatic  cell  cords.  X  120.  (Photo  File  #  WM  162;  A.M.M 
Accession#  158930-224.) 
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Pig.  1— (Appendix  2,  Section  8).  Autopsy  Key  #  Araki.  |  Age  22.  Male. 

1000  meters.  Died  8  September  19^5 >  (33  days).  Lens:  posterior  cortical 
cataract.  X  75.  (Photo  Pile  #  HM  3^7;  A.M.M.  Accession  158930-108. ) 
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Fig.  2 — (Appendix  2,  Section  8).  Unidentified  case.  Lens:  posterior 
cortical  cataract.  X  75*  (Photo  File  $  BM  3^8*) 
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Fig.  3__ (Appendix  2,  Section  8).  Unidentified  case.  Lens:  anterior  and 
equatorial  cortical  cataract.  X  75-  (Photo  Pile  $  HM  3^9 • ) 
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Fig.  4~  (Appendix  2,  Section  8).  Autopsy  Key  #  28.  Kawaura.  Age  23. 
Male.  1000  meters.  i)ied  1  September  19%  (26  days).  Bulbar  conjunctiva. 
Hemorrhage  (x)  and  mononuclear  cell  infiltration.  X  75*  (Photo  File 
#  HM  350;  A.M.M.  Accession  158930-42.) 

.  i . 
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Fig.  5 — (Appendix  2}  Section  8).  Unidentified  case.  Retina.  Preretinal 
hemorrhage.  X  200.  (Photo  File  #  HM  351.) 


Fig.  6-- (Appendix  2,  Section^).  Autopsy  Key#  28.  Kawaura.  Age  23.  Male 
1000  meters.  Died  1. September  19^5  (26  days).  Retina.  Area  of  swollen 
nerve  fibers,  X  l6o.  (Photo  File  #  HM  352,  A.M.M.  Accession  158930-42.) 
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Fig.  7- “(Appendix  2,  Section  8).  Autopsy  Key  #39.  Takeuchi.  Age  29. 
Male.  1000  meters.  Died  4  September  1945  (29  days).  Choroid.  Mononuclear 
cell  infiltration.  No  leucocytes  in  artery.  X  240.  (Photo  File  #  HM  353; 
A.M.M.  Accession  158930-103.) 


Fig.  8— (Appendix  2,  Section  8).  Autopsy  Key  #43.  Horinouchi.  Age  33. 
Male.  (1000  meters.)  Died  7  September  1945  (32  days).  Choroid.  Large  mono¬ 
nuclear  cells  and  a  few  lymphocytes  in  stroma.  X  750.  (Photo  File  #  EM  354; 
A.M.M.  Accession  I5893O-IO7. ) 


a 
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Fig.  9— (Appendix  2,  Section  8).  Autopsy  Key#  29.  Murakami.  Age 
variously  S’t&'kod  as  22  or  2h»  Mai©#  1000  m©'t©rs#  Di©d  1  Soptomb©!*  19^5 
(26  days).  Choroid.  Russell  bodies,  plasma  cells  and  large  mononuclear 
cells  in  stroma.  X  600.  (Photo  File  #  EM  355;  A.M.M.  Accession  158930- 

93.) 

Fig.  10—  (Appendix  2,  Section  8).  Autopsy  Key  #  31.  Ueda.  Age  ^5- 
Male.  1000  meters.  Died  2  September  19^5  (27  days).  Choroid.  Mononuclear 
cells  in  large  vein.  X  h35»  (Photo  File  #  HM  35^;  A.M.M.  Accession 

158930-95.) 
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Fig.  11- -(Appendix  2;  Section  8).  Autopsy  Key  #39.  Takeuchi.  Age  29. 
Male.  1000  meters.  Died  4  September  1945  (2 9  days).  Choroid.  Bacilli  in 
capillary  of  choriocapillaris .  X  l600.  (Photo  File  #  HM  357;  A.M.M. 
Accession  158930_103.) 
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